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ABSTRACT
Chemical exam ination o f s te ro id a l  sapogenins has e lu c id a te d  th e i r  
re la t io n s h ip  to  the s te ro id s .  Their m olecular conform ation has been 
in v e s tig a te d  as  f a r  as O ^ y  The d iffe ren ce  between ’normal* and * iso f 
sapogenins has been suggested as dependent on the  arrangement a t  and 
Coc. The complete co n fig u ra tio n s  were based on th e  most reasonable 
stereochem ical models.
The p re sen t x -ray  exam ination of the  s tru c tu re  o f d iosgenin  
io d o ace ta te  confirm s the  accepted chemical s tru c tu re  fo r  th e  more s ta b le  
s te ro id a l  sapogenins and a ss ig n s  atomic coo rd ina tes  w ith in  the u n i t  c e l l .
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S E C T I O N  1
CHEMISTRY OP THE SAPOGENINS
-  7 -
1 ,1 , In tro d u c tio n
The aglycones produced on hyd ro ly sis  o f the p la n t g ly co sid es which 
form a soapy la th e r  in  w ater, saponins, are known as  sapogenins. They may 
he c la s s i f ie d  as t r i te rp e n o id  sapogenins o r s te ro id  sapogenins according to  
the r e s u l t s  o f dehydrogenation, the  s te ro id  sapogenins y ie ld in g  the D ie ls  
hydrocarbon ( i ) ,  and the  t r i  te rpeno id  sapogenins producing m ainly d e r iv a tiv e s  
o f naphthalene and p icene.
An ex tensive  chemical in v e s t ig a t io n  of th e  s tru c tu re  o f th e  s te ro id  
sapogenins has been prompted by th e i r  use as inexpensive s ta r t in g  m a te r ia ls  
in  the  p rep ara tio n  o f hormone in te m e d ia te  s .
The conventional s tru c tu r a l  formulae and nom enclature has been used 
throughout th is  th e s is .  Thus, the  m olecular form ula fo r  d iosgen in  ( I I )  
in d ic a te s  the arrangement deduced from previous chemical in v e s tig a tio n s  and 
the  p resen t x -ray  exam ination.
/
T
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h o :
i i
1 .2 . The S te ro l Skeleton
The f i r s t  suggestions th a t  some of th e  sapogenins possessed  the  
s te ro l  skele ton  were based on th e  occurrence o f a compound* b e lie v e d  to  
be methyl isohexyl ketone (Ill)jam o n g  th e  products ob ta ined  by the  
dehydrogenation o f sarsasapogenin  w ith  selenium^* and th e  i s o la t io n  of 
a-methyl g lu ta r ic  ac id  (IV) from the ox idation  products o f d ig ito g e n ic  
ac id  (V)?
Me.CH.CO H 
MegCH. CHg. CHg. CH^ CQMe £ ^
i
I I I  CH2.C02H
IV
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2Windaus , however, b e liev ed  these  sapogenins to  he C^  compounds.
3 4-5The in v e s tig a tio n s  o f Simpson and Jacobs in  1934 and 1935 confirmed the 
assumption th a t  the main carbon ske le to n  was r e la te d  to the s te r o l s .  On 
rep ea tin g  the experim ents o f Buzicka and Van Veen*** w ith  sarsasapogenin , 
namely dehydrogenation w ith  selenium , they  d id  not o b ta in  sa p o ta lin  (VI) 
or a c ry s ta l l in e  hydrocarbon of h igher b o il in g  p o in t.
However, the  f r a c t io n  of lowest b o il in g  p o in t d id  co n ta in  a substance 
resem bling I I I ,  the re s u l ta n t  semicarbazone possessed  a m elting  p o in t 
sev era l degrees lower than th a t  ob ta ined  by Buzicka, and appeared d if f e r e n t  
from th a t  derived  from sy n th e tic  p rep a ra tio n s  o f I I I .  They concluded th a t  
th i s  product had i t s  o r ig in  in  the  side chain  o f c h o le s te ro l fy ll)  from 
which i t  had a lso  been ob ta ined .
VII
-  10 -
In v e s tig a tio n  of the  f ra c t io n  o f h igher b o il in g  p o in t y ie ld ed  a m ixture
of hydrocarbons from which D iels  hydrocarbon (I)w a s  f in a l ly  iso la te d *  The
l a t t e r  was by then regarded as a product o f the degradation  o f the s te ro l
r in g  system and the r e la t io n s h ip  w ith  the s te r o ls  was th u s  es tab lished*
On the b a s is  of th e i r  in v e s tig a tio n s  Simpson and Jacobs re v ise d  the
6form ula proposed fo r  sarsasapogenin  by Power and Sal way as ^26^42^33
and suggested the s tru c tu r a l  form ula (V II l) .  Windaus^ a t  th is  
time proposed form ula (IX) fo r  tig o g en in .
.. O
V III
-  11 -
The assumption th a t  sarsasapogenin contained  a hydroxyl group 
s itu a te d  a t  (VTIl) was shown to  he in c o n s is te n t w ith  subsequent
g
in v e s tig a tio n s  on su rface  f ilm s  by Farmer and Kon • To conform w ith  the 
lim itin g  a rea  obtained  a t  zero p re ssu re , which was very c lo se  to  th a t  
measured on s te r o ls  known to  possess the 3-OH group, the hydroxyl group 
would be a t  i f  the cho lestane s tru c tu re  type (X) e x is te d  ( r in g s  A
and B tra n s  fused) o r a t  or i f  the coprostane s tru c tu re  (XI) 
e x is te d  ( r in g s  A and B c is  fused)*
XI
1.3* The Nature of the Side Chain
9
In  1935? Tschesche and Hagedorn^ c a r r ie d  out the degradation  of 
tigogen in  a c e ta te  (X Il) to  e t io -b i l l ia n ic  ac id  (XVIl) as shown in  Fig*l*
The lac tone  XIV i s  s ta b le  w ith  co ld  a lk a l i  b u t i t s  re ac tio n , w ith  phenyl 
magnesium bromide g ives a diphenyl carb ino l XV% subsequent o x id a tio n  w ith  
chromic ac id  a ffo rd s  r in g  c losu re  to  a substance w ith  the p ro p e r tie s  o f a
u
-  13 -
t© trahydrof uran d e r iv a tiv e  (XVI) to g e th e r  w ith  cleavage of r in g  D and the 
form ation o f XVII. This double te trah y d ro fu ran  s tru c tu re  proposed fo r  
tigogen in  was supported by the conversion to  XVII of the ° 2 2  lac to n e  
ob ta ined  from sarsasapogenin  by Farmer and K bn^. These r e s u l t s  
e s ta b lish e d  the presence of an oxide linkage a t  C^£, and the form ation  of 
XIV suggested the  linkage between and C ^ • In  1938, F ie se r  and 
Jacobsen"^ showed th a t  ox idation  of the diphenyl ca rb in o l derived  from 
sarsasapogenin (XVIIl) by Farmer and K on^ , produced small amounts o f 
a C gy-triketo  a c id  arid of a C^Q-lactone in  ad d itio n  to  the m onoacetate.
They ob tained  th re e  re ac tio n  products from sarsasapogenoic ac id  (XIX) 
which were im portant in  determ ining the natu re  of the side chain* F ig . 2.
. Attempts to  form an oxime o r semicarbazone and to  hydrogenate
XIX were unsuccessfu l bu t under fo rc in g  conditions* re a c tio n s  occurred
which were more involved  than  those  normally a n t ic ip a te d  fo r  a carbonyl
group. The r e s u l ta n t  product formed by the re a c tio n  w ith  sodium and
n-propyl alcohol (XXIl) suggests the presence of a conjugated system^ th is
12was confirmed by in f r a - r e d  s tu d ie s  thereby  suggesting  an a~p u n sa tu ra ted  
ketone. Thus, the fo u r oxygen atoms are p re sen t as OH, CO^p[and conjugated 
.CO group. Therefore both  the oxide r in g s  of XVIII were sa id  to  be severed 
in  the form ation of XIX. I t  was suggested th a t  the evidence in d ic a te d  
th a t  the oxide l in k s  in  the sapogenin jo ined  carbon p o s itio n s  16, 22, 23 
and 26, and s tru c tu re s  XXIV and XXV are c o n s is te n t w ith  t h i s .
Sarsasapogenin
G27H44°3
( x v i i i )
CL-OH
HgOH in
MeOH so ln .
rcooH
C27H44°5N2 ( 2 ,
(xxi)
-HOH
C ry sta llin e  methyl 
e s te r  and a ce ta te  ^
. KMnO . 
D ibasic  acid
C27H40°7
( XXIII)
( ° 3
-OH
j 2 , COOH
' V. COCH-.J «
Sarsasa.pogenonic acid
: w 5 - ° i - ° h. 1  ^ J ) COOH'’
(xix) Leo
heat w ith  
a le .  KOH
acid  .o f same 
com position as .
‘ s ta r t in g  m ateria l -  H^ O
Anhydrosarsasapogenoic acid
27H4 
(XX)
G 0°4
Na and ' 
n-propyl 
a.1 c .
Tetrahydroacid
C27H44°4
(  C^-OH’ 
I  COOH
(XXII) 
satu rated  to  KMnO
P ig . 2:,. R eactions o f  Sarsasapogenin.
~ 15 -
XXIV XXV
Of these two structures, only XXIV was considered to account for the
appearance of the CO group at and terminal CO^ H group on oxidation.,
9
thus further supporting the conclusions o f Tschesche and Hagedorn . In
131938, further in v estig a tio n s of the structure of the side chain of 
chlorogenin (XXVl) revealed that the oxidation of chlorogenin d iacetate  
produced the d iacetate of a acid , chlorogenonic acid (XXVIl),
consistent with the above conclusions.
H Q Q XXVII
-  16 -
In  1939* however* the two oxygen atoms p rev io u sly  rep o rted  as 
in e r t  in  n e u tra l o r  a lk a lin e  media were found to  be unusually  re a c tiv e  
in  ac id  media* R esu lts  o f these in v e s tig a tio n s 1^ were s ta te d  to  be 
c o n s is ten t w ith  the presence o f a p ro te c ted * ca rb o n y l group e x is t in g  as 
a f,ketone sp iro  a c e ta ln. Based on the accepted  s tru c tu re  o f th e  
lac tone  (XIV) deduced by Tschesche and Hagedorn^ and Farmer and Kon1^* and 
assuming the sapogenins possessed  the s te ro l  skeleton* Marker and 
Rohrmann1^ then  proposed s tru c tu re  XXVIII fo r  the side chain .
XXVIII
R eactions in  support o f th i s  s tru c tu re  were those o f c a ta ly t ic  
hydrogenation* Clemmensen reduction* brom ination, selenium  dioxide oxida­
tio n  and ac id  iso m e risa tio n . Sarsasapogenin (XVIII) was used in  these  
in v e s tig a tio n s  and the  re a c tio n s  in d ic a te d  in  Fig* 3 were considered  as 
proof of the side chain s tru c tu re .  The e f fe c t  of c a ta ly t ic  hydrogenation 
o f o th er sapogenins i s  s im ila r .
T etrahydro fu rfu ry l a c e ta te  (XXIX) under these co n d itio n s  gave no 
evidence of red u c tio n , - suggesting  th a t  the a d d itio n  of hydrogen to  the  
sapogenins i s  no t due to  the  opening of a tru e  te tra h y d ro fu ran  r in g .
SeO:
complex
■OH
b is  *3,5-
diin.it roben-7.oo.te.
monos emLccs.rl>a.aonfic L ih y d r  osav'S&so.po^mn
monoc&flsojfyfjc acid
CirO-.
■OH
COxH
p o s i t i v e
Z L Tn. ■mer'•vn.Q.rv. test
te .t 'rq .h yd .ro sa rsc -sa .p o cen lA
/  \  C-rO,
X I X
d  is C nv Lear baxo w£ Sarsc.saposenoic acid
'4'
rn&khyl e s t g r  
no sg’mtca.rba.r.one
Fig. 3. React ions of the Side Chain of Sarsasapogenin.
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/
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^CH.CH^OAc. XXIX
The form ation o f a dibenzoate and a b is —3—5—d in itro o en zo a te  from XVIII
follow ing hydrogenation in d ic a te d  the form ation of a new hydroxyl group.
S im ila rly  the p roduction  of a monosendcarbazone shows the presence of a
primary hydroxyl group formed during hydrogenation because o f the f a c i le
ox idation  to  an a c id  o f the same carbon co n ten t. The ease of o x ida tion  w ith
selenium dioxide in d ic a te s  the presence of the group -CH2*C»0 o r i t s
eq u iv a len t. The re a c tio n s  w ith  a lco h o lic  potassium  hydroxide and subsequent
11trea tm en t w ith  potassium  permanganate which have been rep o rted  may be 
explained  as shown in  F ig . 4» of F ig . 2.
1.4* Chemistry of Diosgenin
15 1.6Tsukamato? Veno and Oto 9 in  1935 and. 1937? examining d iosgenin  
( i l )  rep o rted  i t s  conversion to  c h o le s te ro l (V II), in d ic a tin g  th e re fo re  
th a t  I I  possesses a 5? 6 double bond and a 3p-hydroxyl group.
In  1941? Marker and Turner1^ converted I I  to  VII (F ig . 5 ) ? and 
claimed th a t  t h i s  procedure showed conclusive ly  th a t  I I  must have the  same 
carbon skele ton  as V II9 and th u s? to g e th e r w ith  the  o th e r saix>genins? which
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by then had n ea rly  a l l  been chem ically r e la te d  to  II* possessed 27 carbon 
atoms.
l8In v e s tig a tio n s  o f the  s tru c tu re  of VII culm inating in  1945 have
e s ta b lish e d  the  co n fig u ra tio n  about the asymmetric carbon atoms. The
hydroxyl and angu lar methyl groups possess the ^ -c o n fig u ra tio n  and a l l  th ree
r in g  ju n c tio n s  are  t r a n s .  Thus th i s  must be the case a lso  in  I I  w ith
regard  to  the r in g s  A* B, C and D.
In  19A3j yamogenin the  ste reo -isom er of I I  was i s o la te d  and
19assigned  the  s tru c tu ra l  form ula XXXII .
XXXII
MO'
20A review  of sapogenin s tru c tu re s  which had been in v e s tig a te d  
before 1 9 4 7* quotes fu r th e r  evidence in  support of the re la t io n s h ip  
between I I  and XXXII* fo r  i t  Y^ as found th a t  XXXII could be converted to  
sarsasapogenin (XVIIl) in  a s e r ie s  of re a c tio n s  which p a r a l le l s  the 
conversion of II  to  sm ilagenin (XXXIII). This in fe r re d  the  normal
-  22 -
configuration (XXXiV) for the side chain o f  XXXII as opposed to the 
iso -con figu ration  (XXXV) for I I .
HO XXXIII
or
) — H
,o-
I f "
XXXIV XXXV
With the establishm ent o f the spiroketal side chain‘d  the
ex istence  of f o r m a l1 and * iso ! sapogenins was considered  to  be exp lained
by isomerism at C ^ , p o s s ib il ity  of isomerism at being neglected . 
10Farmer and Kon « had in  1937 a t t r ib u te d  the  isom eric re la t io n s h ip  between
XVIII and XXXIII to asymmetry at However? in  1953 (+) a-methyl
g lu ta r ic  ac id  (XXXVI) and i t s  la e v o ro ta to ry  isom er (XXXVII) were obtained
21from XVIII and XXXIII re sp e c tiv e ly  • The process involved an o x id a tio n  
th a t  s p l i t  o f f  the side chain  from ^22~^2 7 *
COOH COOH* *
h — ;— —  c ^  ch3— ;—  h
(CH2) 2.C00H (CH2) 2.C00H
XXXVI XXXVII
22Also in  19539 James c a r r ie d  out a degradative o x id a tio n  o f d iosgenin
( i l )  and hecogenin (XXXVIII) in  a s im ila r  manner and ob ta ined  XXXVII
in d ic a tin g  th a t  I I  possesses the same co n fig u ra tio n  as XXXIII w ith
re sp e c t to C ^ .  A s im ila r  degradative p rocess was a lso  rep o rted  by
James in  which ^23”^27 WaS as su cc in ic  a c id  (XXXIX).
Hecogenin y ie ld ed  (+) methyl su cc in ic  ac id  whose co n fig u ra tio n  had
23p rev iously  been determ ined , F ig . 6. This in d ic a te s  th a t  the arrangement 
o f the spiro-atom  and r in g  F in  I I  i s  e i th e r  XL or XLI.
X X X V I I I
k «co  gcnin
tG-oxo-5oc-pregnane  
> 2 0  carboxylic acid
o x o n o ly  s i s
Fig. 6. Degradative Oxidation of H e co g en in ,
-25 -
In  1954? pseudosarsasapogehin (XLIl) was found to  y ie ld  two new
24compounds on treatment with ethanol and a ce tic  acid for 24 hours .
These were designated 20-iso-sarsasapogenin and 20-iso-sm ilagenin  and were 
found to he isom eric w ith XVIII and XXXIII. Reactions were carried out in  
order to determine which of the two configurations XLIII or XLIV 
corresponded with the normal and iso  compounds.
is
\ ] ,rAIW- 0
XLIII XLIV
HD
(CH0) 0C
CH.
2 2 A CH20H
From molecular models o f these two isomers XLIV was shown to possess  
r e la t iv e ly  l i t t l e  stra in  whereas in  XLIII there i s  a great stra in  on ring  
E. Configuration XLIII was assigned to the iso -stru ctu res  in  agreement w ith
the easy oxidative cleavage o f these compounds and th e ir  dihydro analogues.
The conversion of diosgenin ( I I )  to  ch o lestero l (VII) by Marker and 
17Turner Dy a route which did not a ffe c t  the 0^  configuration shows that
the a configuration assigned to II  agrees w ith the a-configuration of the
vi:
25
side chain at in  VII as deduced from the x-ray in v estig a tio n  of
C arlisle  and CrovriToot
Based on the deduction of the co n fig u ra tio n  a t  C ^  in  1954? the
26configuration at C^ was in v estig a ted  . I t  had previously been 
27shown that sarsasapogenin (XVIII) y ie ld s  a 23-dibromide whereas 
smilagenin (XXXIII) y ie ld s  only a 23-monobromide 9 XXXIII would be unable 
to form a dibromide at only i f  i t s  configuration were as shown 
(XLV)S because of s te r ic  hindrance produced by a methyl group at C2q.
f-r \
/
y  JOT
The determination of the absolute configuration of the ring system  
28was estab lish ed  by the deduction of the p osition  of the methyl group at 
C2q. Pseudodiosgenin (XXXl) was converted to neo-diosgenin (XLVIl) and 
thence to diosgenin (I l)>  F ig. 7» Mild acid treatment o f XXXI produced 
h mixture o f XLVII and II  and more vigorous acid  treatment y ie ld ed  only
O
H
the l a t t e r .  Such ac id  ca ta ly sed  re a c tio n s  are assumed to  be p o la r  in  
n atu re  w ith  t r a n s  ad d itio n  occurring  acro ss  the  ^20~^22 -^ou^ e bond o f 
XXXI, the l a t t e r  re q u ire s  c is - fu s io n  of r in g s  D and E on s te r i c  grounds. 
I n i t i a l l y ,  XXXI must be converted to  XLVII where an a t ta c k  o f an is o la te d  
proton a t  C^q occurs on the  le s s  h indered  r e a r  face o f the  molecule § 
prolonged a c id  treatm en t g ives r i s e  to  the  e n e rg e tic a lly  more favourable 
s tru c tu re  I I .  The e q u a to r ia l conform ation of the C^  methyl group in  I I  
i s  c o n s is te n t w ith  the hindrance between and which provides the 
d riv in g  fo rce  fo r  the conversion from XLVII to  I I  only i f  the abso lu te  
co n fig u ra tio n  i s  as shown. I f  the abso lu te  c o n fig u ra tio n  o f the s te ro id  
skele ton  i s  the m irro r image of the above, then I I  w il l  have the  methyl 
group a t  C i n  the a x ia l p o s it io n .
II
XLVII
H
H
H 0---
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In  1963? K ennard^ re p o rtin g  on the  c ry s ta l  s tru c tu re  of 
monoiodotigogenin ac e ta te  (XLVIIl) and monobromoneotigogenin a c e ta te  
(XLVIV) s ta te d  th a t  from three-d im ensional x -ray  s tu d ie s  o f ( XLVTV) the 
iso -co n fig u ra tio n  assigned  to  tig o g en in  i s  c o r re c t0
XLVIIl R, = H R_ -  Me X = I
XLVIV R.
The fo llow ing  in v e s tig a tio n s  were c a r r ie d  out in  an attem pt to 
e lu c id a te  the d e ta ile d  s tereochem istry  of I I  p a r t ic u la r ly  in  r in g s  S and F.
In f ra - re d  s tu d ie s  o f the sample of d iosgenin  io d o ace ta te  used in
12th is  in v e s tig a tio n  were compared w ith  those rep o rted  by Jones e t  a l  
in  o rder to  v e r ify  th a t  the sample corresponded w ith  th a t  rep o rted  in  the 
l i t e r a tu r e .  The re s u l t in g  sp e c tra . F ig . 8 , showed good agreement w ith  th a t  
p rev iously  recorded although the band a t  1086 ,y one o f two c h a r a c te r is t ic  o f 
diosgenin i s  overlapped by the sp ec tra  from the  io d o ace ta te  group. The 
remaining c h a r a c te r is t ic  bands a t  9^0 ~920v  are s u f f ic ie n t  to  c h a ra c te r is e  
th is  compound unambiguously.
Fig. S .  Infra-red Absorption Spectra.
diosgenin io d o a ce ta te
diosgenin acetate
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S E C T I O N  2
THE CRYSTAL STRUCTURE OP DIOSGENIN
Progress of Structure A nalysis.
2D P a tte rs o n  sy n th e se s : XZ, YZ. 33) P a tte rs o n  sy n th eses  and 
H arker s e c t io n s  I  (2 atoms)
1 s t  ca -^ c * ( R=54%) 1 s t  F^ s y n th e s is
S uccessive Fq (h0-£) sy n th eses  in c re a s in g 1 s t 3D F c a lc .  (R=52$)
number o f  C and 0 atoms in  asymm etric — 2 1 s t Fq s y n th e s is .
u n it  d u rin g  p ro cess  -  R = 30$
Successive F^ (hO t )  sy n th eses  -  R=27$
S uccessive Fo (hOt) sy n th eses  -  R=22% S uccessive  Fq (Ok-Q sy n th eses
R0 k€ 4°^’ ~ R0k£
1 s t 2D D iffe re n c e  s y n th e s is  -  R=21% ■ > r 3D F s y n th e s is  I  on ly  u s in g  
Sim w eig h tin g  fu n c tio n
H-——----------------------------- v ------------------------
2D le a s t  sq u ares  re fin e m en ts  f o r  a l l
atoms -  R=15$ (w « X /s in 6)
\
1 s t  3 D  F syn th  o
/
e s i s ,  21 + IOC
Jsjk:
S uccessive  3D F sy n th e se s  -  R=28%
7
2D l e a s t  sq u afes re fin em e n ts  0k-£ r e f l e c t i o n s  on ly  to  
r e f in e  y c o o rd in a te s  ( Rok£ 34$  ~ Rok-£
3D F s y n th e s is  R = 28%o  ______
\'
3D F sy n th e s is
F c a lc
3D l e a s t  sq u ares re fin em e n ts  -  R = 19jo
1 s t  3D F s y n th e s is ,  te rm in a tio n  o f
s e r ie s  c o r re c t io n s
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2 .1 . The O p tical Examination 
Morphology
Diosgenin io d o ace ta te  c r y s ta l l i s e s  in  the m onoclinic system and
predom inates and the  {100} form i s  f a i r l y  w ell developed. The m a jo rity  of 
the c ry s ta ls  were broken and attem pts to  improve th e i r  q u a li ty  by 
r e c r y s ta l l i s a t io n  from v arious so lv en ts  e .g .  aqueous alcohol o r acetone 
were u n su ccessfu l.
O ptical P ro p e rtie s
The o p tic  o r ie n ta tio n  i s  a along ’b ’ j (3 along !a ! and y alm ost 
ex ac tly  along l c*. The b ire fr in g e n c e  i s  la rg e  and p o s it iv e  and the o p tic  
a x ia l angle i s ^ t 4 0 °* The m ajo rity  of the c ry s ta ls  showed s t r i a t io n s  on 
{001} j p a r a l le l  to  the  !b ’ a x is  (P ig . 9)*
The c r y s ta ls  were examined by means o f o s c i l la t io n  photographs and 
Weissenberg photographs taken about the  *a! and fb ! axes$ copper K(a)
ra d ia tio n  was used w ith  a ,,Unicam,, W eissenberg camera. The most n o ticeab le
e x h ib its  an a c ic u la r  h a b it w ith  re sp e c t to  the , b t a x is .
F i g .9
2 .2 . The X-Ray Examination
£*2 . 1 . Experim ental Techniques
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fe a tu re  of these  photographs occurred on the  (Ccf££) la y e r  o f the  Weissenberg 
photograph, P ig . 10. R eflex ions of the type (h0€) w ith  €  odd were 
considerab ly  weaker than those w ith  even. This was p a r t ic u la r ly  marked 
in  the (OOt) zone. The s ig n if ic a n c e  o f th is  e f f e c t ,  which was no t observed 
fo r  any o th e r zones, w il l  be d iscussed  l a t e r .
The camera diam eter was determ ined by means of a f ilm  c lip p ed  t ig h t ly  
in s id e  the  camera, u sing  the ^ tra u m a n is 1 mounting, and a powder 
photograph o f potassium  ch lo rid e  taken. The diam eter thus determ ined was 
57*39 mm* compared w ith th a t  o f 57*47  mm. measured by means o f in te rn a l  
c a l ip e r s ,  allowance being  made fo r  the th ick n ess  o f the f ilm  and the b lack  
paper touching the m etal casing . The two measurements were in  
s u b s ta n tia l ly  good agreement and the r e s u l t  ob ta ined  from the  x -ray  
photograph was taken as th a t  most a ccu ra te ly  reco rd ing  the camera d iam eter.
The rem aining camera co n s tan ts  were determ ined u s in g  a s in g le  c ry s ta l  
30of potassium  ch lo rid e  8 C^, the number o f degrees o f c ry s ta l  r o ta t io n  p er
mm, of camera tra v e rse  was 2 .0 0 3  and C^, the in stru m en ta l co n stan t
•n f  r\
depending on camera d iam eter, was 1.997* The slope of the a x ia l
rows deduced from th ese  in stru m en ta l co n s ta n ts , 20^ /0^ was 2 . 0 0 6 .
Measurements o f the  sep ara tio n  o f re f le x io n s  (005) -  (005) to  
(0 , 0 , 2 1 ) -  ( 0 , 0 , 2 1 ) and ( 2 0 0 ) -  ( 200 ) to  ( 9 0 0 ) -  ( 9 0 0 ) ,  on th e  W eissenberg 
photograph taken about the *b* a x is , were used fo r  the  determ ination  of 
the l a t t i c e  param eters !c ' and ’a* re sp e c tiv e ly . The h igher angle
Fig.IO. Weissenberg Photograph.  Zero layer, C rys ta l  
oscillating a b o u t  ‘a  axis .
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re f le x io n s  in  "both cases approximated to  a constan t value and i t  was 
considered im possible to  e x tra p o la te  the re su lts*  The ,b t spacing, however, 
depended on measurements o f the p o s itio n s  of re f le x io n s  (0 2 0 ) and ( 0 4 0 )*
The p re lim inary  o s c i l la t io n  photograph taken about th i s  ax is  ?/as th e re fo re  
used as a check on the value deduced from measurements on the  W eissenberg
film  reco rd ing  Ok? re f le x io n s . The measurements of the re f le x io n  (0 4 0 )
— 0
d if fe re d  from the sep ara tio n  o f the  h41 9 la y e rs  by 0.0008A and the
re s u lt in g  value was thus considered  to  be s u f f ic ie n t ly  a c cu ra te . These
values were l a t e r  checked by measurement of the sep ara tio n  o f re f le x io n s  of
the type hlO. The value of the (3 angle was deduced from th e  sep a ra tio n
of th e  hOO and 00 £ l a t t i c e  rows recorded on th e  zero la y e r  W eissenberg
film  taken w ith  the c ry s ta l  o s c i l la te d  about the fb ! a x is .
0
The c e l l  dimensions are th u s s -  a a 12.53 A
b a 6.16 A 
c = 35*86 A 
P -  9 2 . 0 °
The fo llow ing c la s se s  o f re f le x io n s  were examined fo r  system atic  absences*- 
(h0 £), ( h ie ) ,  (h 2 -t), (OkI ) ,  ( l k t ) ,  ( 2k«). The (OkO) re f le x io n s  were 
absent fo r  k  odds no o th e r system atic  absences were observed, thus 
in d ic a tin g  the space groups P2^ o r P2^/m.
The d en s ity  determ ined by f lo ta t io n  in  aqueous sodium bromide 
so lu tio n s  i s  1 .4 1  gnu m l.”"^.
2 .2 .2 . Space Group D eterm ination -  A pplication  o f W ilson1s S t a t i s t i c a l
Method.
The small dimension of the fb f ax is  taken in  conjunction  w ith  the
rem aining c e l l  dimensions and probable dimensions o f the m olecule,
suggested th a t  P2^ was the c o rre c t choice of the above noted space groups
fo r  t h i s  m ateria l^  thus th e re  a re  two m olecules p er asymmetric u n i t .
The confirm ation  of the above observation  was attem pted by means o f
31W ilson’ s s t a t i s t i c a l  method • The e ff ic a c y  of t h i s  method depends on two 
fa c to rs * -
(1 ) The c ry s ta l  co n ta in s a reasonably  la rg e  number o f s im ila r  atoms.
( 2 ) A s u f f ic ie n t ly  la rg e  number of re f le x io n s  i s  used in  the 
in v e s tig a tio n .
W hilst th e  f i r s t  f a c to r  does no t hold fo r  d iosgenin  io d o a c e ta te , the
re s u l t in g  re la t io n s h ip  has been shown to  hold fo r  s tru c tu re s  co n ta in in g  
32heavy atoms , and an attem pt was made to  in v e s tig a te  th e  io d o ace ta te  in
th is  manner. The second fa c to r  holds re a d ily  fo r  the zones hO? and Ok?
bu t i s  no t v a l id  fo r  the hkO zone and 110 a ttem pt was made to  include the
l a t t e r  in  the. exam ination.
31Wilson has shown th a t  i f  a c ry s ta l  possesses no symmetry*-
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where , P ( l ) d l  i s  the p roportion  of in te n s i t i e s  I  w ith  values between 
I  and I+ d l and the summation i s  taken over a l l  the atoms 
(H) in  the  u n i t  c e l l .
For a centrosym m etric c ry s ta l  the  r e la t io n  i s  most re a d ily  expressed  in  
the form s-
, H 2 
exp ( - l F l 2/ 2 £ f 5 )
P(F) =  jj-------- — ------  . . .  (2)
( 2 » £  f . 2)
5-1 3
where, P(F)dF i s  the p ro p o rtio n  of s tru c tu re  am plitudes w ith  v a lu es 
between |F  ! and }F| + d |P (
From th i s  Wilson has shown th a t  fo r  a non-centrosym m etric c ry s ta l  the
Square e f
r a t io  of the^mean s tru c tu re  am plitude to  the mean in te n s i ty  should have
a value 71/4 a  O.7 8 5 , ?;hereas fo r  a centrosym m etric c ry s ta l  the  r a t io
should be eq u iv a len t to  2/rc a 0 . 6 3 7 *
32Howells, P h i l l ip s  and Bogers ap p lied  th is  theory  to  in v e s tig a te  the 
complete in te n s i ty  d is t r ib u t io n .  They ob tained  the fo llow ing  fu n c tio n s s -
U(z) a 1 -  exp ( -z )  . . . . . . .  non-centrosym m etric c ry s ta l
N(z) a e r f  ( z / 2 ) . . . . . . .  centrosym m etric c ry s ta l
H(z) i s  the f r a c t io n  o f re f le x io n s  w ith  i n te n s i t i e s  equal to  o r l e s s  than
a f ra c t io n  Iz* o f th e  .loca l average. The symbol e r f .  i s  th e  e r ro r  
33fu n c tio n  . Tables have been co n stru c ted  fo r  va lues of those two
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f u n c t io n s ^  w ith  !z ! varying from 0 .0 , C.,1, 0 .2  . . .  1 .0 . This method was 
found to  apply eq u a lly  w ell fo r  zones o f re f le x io n s .
The re f le x io n s  were subdivided in to  th e  fo llow ing ranges o f sin©
range sin© ' 0k£ range sin©
1 0 . 0  -  0 .1 4 1 0 . 0  -  0 .2 0
2 0 .1 4  ~ 0 .2 1 2 0 .2 0  -  0.35
3 0 .2 1  -  0 .2 8 3 0.35 -  0.45
4 0 .2 8  -  0 .3 5 4 0.45 -  O.5 5
5 0.35 -  0 .40
6 0.40 -  0.45
7 0.45 -  0 .5 0
8 0 .5 0  -  O.55
The exact d is t r ib u t io n  o f th ese  re f le x io n s  i s  shown in  Tables 1 and 2.
The re f le x io n s  in  the f i r s t  range were n eg lec ted  as t h e i r  number i s  sm all. 
In  th e  Ok-t  zone, (OkO) and (00-£) re f le x io n s  were taken a t  h a lf  th e i r  value 
and count as one h a lf  in  the  to t a l  number of re f le x io n s . One q u a r te r  of 
the re c ip ro c a l n e t was considered  and system atic  absences were n eg lec ted  
in  considering  the c o n tr ib u tio n s  of r e f le x io n s .  In  th e  h0£ zone one h a lf  
of the re c ip ro c a l n e t was considered.
In  the  space group P2^/m th ere  would be a c e n tr ic  d is t r ib u t io n  
of |F |^  fo r  a l l  th re e  p r in c ip a l zones. In  P2^, however, only the  hOp 
zone shows a c e n tr ic  d is t r ib u t io n .  The d is t r ib u t io n s  fo r  zones h0£ and 
0k£ were determ ined and F ig . 11, shows th e i r  d is t r ib u t io n  compared w ith  the
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TABLE 2 I 0k £
135
12
226
10
12
1212
12
22
12
12
10
Fig. 11. The Application o f  Wilson's S t a t i s t i c s  
to  Z on es  ‘hOl* and *Okl .
hot zone
O  O K I i o n e
> z
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calculated, d is tr ib u tio n s ',32 This procedure has produced a good
approximation to  the requirem ents of space group P2^ even though the 
*heavy* iod ine  atom i s  p re se n t.
F u rth e r in v e s tig a tio n s  assumed th a t  P2^ was th e re fo re  the c o rre c t 
space group fo r  th is  s tru c tu re .
2.2«3« I n te n s i ty  Measurements
The la y e rs  (hOf) -  (h4£) and ( O k i )  -  ( 6k £) in c lu s iv e ? were recorded
35on W eissenberg film s  using  the  m ultip le  film  technique . Four 
photographic f ilm s were used in  each case . Exposure tim es v a r ie d  from four 
days to  th ree  weeks fo r  some of the h ig h er la y e rs .  A standard  in te n s i ty  
scale was co n s tru c ted  using  the  ( 1 0 4 ) re f le x io n  and allow ing the c ry s ta l  
to  pass through the r e f le c t in g  p o s itio n  vary ing  numbers o f tim es. Each 
re fle x io n  v/as indexed by means of a W eissenberg ch a rt and assigned  an 
in te n s i ty  by comparison w ith the  s tandard  s c a le . In  the  space group P2^ 
th e re  are  the fo llow ing  re la t io n s h ip s  between s tru c tu re  am plitudess-
The number o f tim es each re f le x io n  could be measured on each fxlm in  the 
general case th e re fo re  was two, bu t i t  was p o ssib le  to  make fo u r separa te  
measurements in  c e r ta in  zones. In  a l l  c a se s9 the maximum number o f 
measurements o f each in d iv id u a l re f le x io n  was made. For the h igher la y e rs
Phk€ ! r  Fhk£ hk€
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an attem pt was made to account v isu a lly  fo r  the ex tension  and compaction 
of the spo ts  near the cen te r  recorded  on opposite  halves o f the film*
This was rep ea ted  fo r  a l l  fou r film s  of each la y e r  and the da ta  averaged. 
R esu lts  from separa te  la y e rs  were f in a l ly  c o rre la te d  by u t i l i s i n g  a number 
of re f le x io n s  which were common to  severa l la y e rs ,
e .g .  (013) s (Okfi) and (h l£ )
(134) ! ( lk « ) and (h3 t)
The measured in te n s i ty  o f any d i f f r a c te d  beam re q u ire s  to  be 
co rrec ted  fo r  sev e ra l f a c to rs  befo re  i t  i s  brought onto an abso lu te  scale*
The P o la r is a tio n  F acto r
The e le c t r i c  v ec to r o f an u n p o larised  x -ray  beam may be in  any 
d ire c tio n  normal to  the l in e  of propagation of the beam. I t  can be 
reso lved  in to  two components which l i e  perpend icu lar to and p a r a l le l  to  
a plane co n ta in in g  the r e f le c te d  beam and the in c id e n t beam f o r  a given 
re fle x io n  a t  the Bragg angle 6 . The p a r a l le l  component i s  dependent fo r  
i t s  in te n s i ty  on the a n g l e  28 . There r e s u l t s  a red u c tio n  of the in te n s i ty
-J yf
of the d i f f r a c te d  beam by a f a c to r  ?p* -  the  p o la r is a t io n  f a c to r  s
( l  + cos22 Q)P = 2
The lorentz; F acto r
This g e o m e tr ic a l 'fa c to r  enables the in te g ra te d  in te n s i ty  to  be
i 2used as a measure of F | • I t  takes in to  account the  vary ing  v e lo c i ty  
w ith  which d i f f e r e n t  c ry s ta l  p lanes pass through th e i r  r e f le c t in g  p o s itio n s
-  44 -
fo r  a constan t speed o f ro ta tio n  of th e  c ry s ta l  about a given a x is . The 
Lorentz f a c to r  i s  composed o f two p a rtss
l / 2s in e  -  a measure o f the r e la t iv e  in te n s i ty  r e f le c te d  by a u n it  volume 
o f the  c ry s ta l  a t  a g lancing  angle 0 , and
 ^ l / c o s 6 -  a measure of the time during  which re f le x io n  occurs fo r  a p o in t
) \
in  the  re c ip ro c a l l a t t i c e  o f the  c ry s ta l  as the  l a t t i c e  r o ta te s
w ith  constan t angu lar v e lo c ity .
The Lorentz f a c to r ,  L =* l / s in 2  © for normal beam W eissenberg photographs,
and L » l / ( £ cos0) fo r  e q u i- in c lin a tio n  W eissenberg photographs, i s
u su a lly  combined w ith  the  p o la r is a t io n  f a c to r  and th e  measured in te n s i t i e s
are transform ed to  |F |  by m u ltip ly in g  by the  f a c to r  l/L p . The va lues of
Lp fo r  each re f le x io n  used in  t h i s  c o rrec tio n  were ob ta ined  from a c h a rt
2-COS0 37
giv ing  curves of co n stan t D, where I) = ^ iy co s  gQ an<^  ^ e cy-*-^ -n( r^ i ca^
coord inate  of a po in t about i t s  r o ta t io n  a x is . The ch a rt was p laced  on the  
rec ip ro c a l l a t t i c e  drawn to  a sca le  10cm. = 1 R.U. i . e .  the  same sca le  as 
the c h a r t, and a p in  was p laced  a t  th e  o r ig in  o f the h o r iz o n ta l l in e  drawn 
on th e  D ch a rt a t  a h e ig h t C *= hx /a , such th a t  th e  ch a rt p ivo ted  
about a p o in t ^ tan (p -9 0 °) from th e  o r ig in  of the  re c ip ro c a l l a t t i c e .  The 
value o f D -  |F j  / i  fo r  each re c ip ro c a l po in t was determ ined in  t h i s  manner 
fo r  re f le x io n s  ob ta ined  by ro ta t in g  the c ry s ta l  about the *a! a x is .  
R eflexions on photographs recorded  by o s c i l la t io n  about th e  *bl ax is  were 
tre a te d  in  a s im ila r  manner but in  t h i s  case the  ch a rt was always p ivo ted  
about the o r ig in  o f the  re c ip ro c a l l a t t i c e .  Some of th ese  values were
-  45 -
l a t e r  checked w ith  a programme devised fo r  the F e rra n ti  "S iriu s"  computer* 
The abso rp tion  was assumed to  be n e g lig ib le  in  the  c ry s ta ls  under 
exam ination since the th ick n esses  in  a l l  cases had approxim ately the 
optimum th ick n ess o f 0*02  cm*
The Absolute Scale and Temperature F acto r
The tem perature f a c to r  takes account of the therm al movement of the
atoms in  the  c ry s ta l  a t  any f i n i t e  tem perature , T. The r e la t io n s h ip ,
f  f  g -B s in '8 /X v/as f i r s t  pu t forward by Debye the value B i s  an 
T ~ o
average is o tro p ic  tem perature f a c to r .  I t  may be ob tained  and the 
observed | f | 2 pu t on an abso lu te  sca le  approxim ately, by a s t a t i s t i c a l
method devised  by W ilso n ^ .
2 2 The observed |F | derived  above are r e la te d  to  the c o rre c tjF |
by the re la tio n sh ip ?
F o b J  2 “ K W 2
S in c e |F f2 *= £ f ..2 f i f^exp27ii|h(x^-xi ) + k ^ - y ^  + { ( z ^ - z ± ) ]  . . .  (3) 
a l l  bu t the f i r s t  summation tend on average to  zero , and th e re fo re
n 2
s im ila r ly  | Fob j  = K£_ f . where f.. i s  the  s c a t te r in g  f a c to r
fo r  a+om j ,  a n d jF ^ J 2 i s  the average in te n s i ty  in  the given r^jngeof sin©* 
In troducing  the tem perature f a c to r ,
F . !2 obs>
K . f . 2
7  3 .
Ke-2B sin20/X2 . . .  (4 )
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The graph o f log-] —  I ag a in s t sin^j / y ?  then provides a value of
ift JA O
lo g  K, ac s in  ©/X « 0 , and has a slope -2B/2.303.
The average value o f Jf ^ ^ ^  was obtained  fo r  ranges o f sin^o s
20 . 0 , 0 . 1 . . . 0 . 5  and p lo t te d  ag a in s t s in  0 a t  the m idpoint of the range as 
shown in  F ig . 12. From the graph the values of K and B ob tained  were 
4*5 and 8 . 2 * re sp e c tiv e ly  and the | f | ^  were pu t onto an ab so lu te  scales,
2.2 .4» D eterm ination o f the Iodine Coordinates 
The P a tte rso n  Function
The use o f th i s  fu n c tio n  in  determ ining the coo rd ina tes  of the heavy 
atom, depends on the f a c t  th a t  the v ec to rs  between atoms in  the  c ry s ta l  
are rep re sen ted  as peaks on the P a tte rso n  map. Since the volume under the 
peak i s  p ro p o rtio n a l to  th e  product of th e  number o f e le c tro n s  o f the 
two atoms in  the  c ry s ta l  c o n s ti tu t in g  th is  v e c to r , the  peaks re p re se n tin g  
the v ec to rs  between io d in e  atoms should be much heav ier than those v ec to rs  
between o th o r atoms in  the s tru c tu re .
There are two io d in e  atoms in  the asymmetric u n i t  and the space group 
symmetry th e re fo re  g iv es  the fo u r general eq u iv a len t p o s itio n s?
Iod ine Is  y ^  a j  ^ ,> 1 /2  + y-,» a, J
Iod ine  2s %z , y2, s y  * 2 , l / 2  + 7 Z ,
uFig.  12.
Wilson P l o t .  S c a l e  qnd 
Temperature  F a c to r .
s in 2' ^
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The v ec to r d is t r ib u t io n  of the  P a tte rso n  fu n c tio n  should th e re fo re  show 
the fo llow ing  peaks as the  most s ig n if ic a n t  fe a tu re s  of the asymmetric u n its
2 1 / 2 , 2 z1 i x r :v  Z1~ V
2x 2 ,  l / 2  ,  2 z 2 s x l + x 2 ? y l “ y 2’“1 / 2? Zl + Z 2*
An attem pt was made in  the f i r s t  in s tan ce  to determ ine the ‘x* and 
fz f co o rd in a tes , as the *bf he igh t was r e la t iv e ly  small and th e re fo re  
the molecule might be reso lv ed  in  the XZ p lan e . The P a tte rso n  fu n c tio n  
]?(XZ) « cos2*rc(hX+€Z) + F^qT^ cos2rt(hX - £ Z ) \  was computed and
i s  shown in  F ig . 13. This map produced a. heavy peak (P) w ith  ,y.f and ! z* 
coo rd ina tes  of approxim ately 0 . 0 5 , 0 . 1 0 § and a very  la rg e  p o s itiv e  reg io n  
(Q) in  the v ic in i ty  XssO, z=0 *5 ? in  ad d itio n  to  th e  heavy o r ig in  peak.
No o th e r peaks on the map were s u f f ic ie n t ly  s ig n if ic a n t  to  enable p o s itiv e  
id e n t i f ic a t io n  as io d in e -io d in e  v e c to rs . The values of | f | 2 were then 
"sharpened” by using  the c o e f f ic ie n ts  | F | 2/ f ^  to  produce a fu r th e r  
P a tte rso n  map. f  re p re se n ts  the average s c a t te r in g  f a c to r  fo r  the molecule 
a t  th e  ap p ro p ria te  value o f s ird  fo r  each re f le x io n . The map F ig . 14 
showed a r e la t iv e  in c rease  in  the peak h e ig h ts  a t  E and S w ith  re sp e c t to  
the  rem aining peaks in  the  p ro je c tio n . I t  was concluded th e re fo re  th a t  
these were the rem aining peaks produced by the sym m etry-related iod ine 
atoms, since they  ?/ere considerab ly  weaker than  P and Q. In  support o f th i s  
i t  was found p o ssib le  to  c o n s tru c t a v ec to r para lle logram  about the o r ig in  
fo r  peaks P, Q, R, S. F ig . 13* U n fo rtunate ly , because only P was
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uniquely  re so lv ed , no very accu ra te  estim ate  of the *x! and 'rz t coo rd ina tes  
o f the iod ine  atoms could he ob ta ined . The P a tte rso n  p ro je c tio n  Okf. was 
next c a lc u la te d  (F ig . 15) w ith  the aim o f id e n tify in g  peaks w ith  common 
!z* co o rd in a tes  on both  the (h0£) and (0k£) p ro je c tio n s . The d e ta i l s  of 
the map, however, provided no conclusive evidence fo r  th e  fz* coord ina tes  
a lready  deduced because of the considerab le  su p erp o s itio n  o f v e c to rs  in  
t h i s  p ro je c tio n .
In  o rd er to  o b ta in  a more accurate  estim ate  of the ’x f and !z* 
co o rd in a tes  of the  iod ine  atoms, and a t  the same time to  determ ine the 
corresponding *yf v a lu es , a number of P a tte rso n  se c tio n s  a t  in te r v a ls  o f 
b /30  were computed over the range y=0 to  y~0.5* In  th re e  dim ensions, 
peaks due to  v ec to rs  between sym m etry-related atoms in  space group P2-^  
occur on the se c tio n  y -0 . 5 , ^  whereas v ec to rs  between atoms no t r e la te d  
by the space group symmetry w il l  not be p re sen t on th i s  sec tio n  u n le ss , 
by chance, t h e i r  *y! co o rd in a tes  d i f f e r  by about one h a l f  o f the !b* 
h e ig h t. I t  was th u s  hoped th a t  a d is t in c t io n  between the  two types o f 
v ec to rs  would be re a d ily  made.
However, the r e s u l ta n t  maps appeared to  show peaks on the  sec tio n s  
y=0 and y=0.5 (F ig s . 1 6 , 17). A c lo se r  exam ination of the peaks 
apparen tly  w ith  maxima a t  y«0 . 5  however, showed th a t over a range of 
'y f h e ig h ts  th e  peak contour o f P was marked-ly broadened whereas the  
rem aining peaks showed a much sharper r i s e  to  th e  maximum v a lu e , P ig . 18.
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In  ad d itio n  the se c tio n  a t  y«29/30 showed a very  small trough  in  the 
broad peak (a  num erical decrease o f 1$). This peak to g e th e r  w ith  the peak 
on th e  se c tio n  y=0 , (Q) were considered  to  be due to  v e c to rs  from iod ine  
atoms not r e la te d  by symmetry. A n o ticeab le  fe a tu re  o f these  se c tio n s  was 
the  tendency f o r  a strong  p o s itiv e  reg io n  to  p e r s i s t  throughout a l l  the 
sec tio n s  a t  0 ,y ?0.5? F ig . 18. This peak was p rev io u sly  noted fo r  i t s  
ou tstand ing  h e ig h t in  the  P a tte rso n  p ro je c tio n s  and i t s  s ig n if ic an ce  w il l  
be d iscu ssed  l a t e r .  The sec tio n s  y=0? and y«0.5 were sharpened in  the 
same way as  fo r  the (hOt) p ro je c tio n  to  o b ta in  a more r e l ia b le  estim ate  of 
the !x f and , z l co o rd in a tes . However,, the in c reased  h e ig h t of peaks B and 
S was accompanied by a g re a te r  degree o f overlap  fo r  these peaks in  the  
sharpened maps than  fo r  the o rd in a ry  P a tte rso n  maps and the f in a l  
measurements fo r  de term ina tion  o f coo rd ina tes  was made from the  peaks on 
the (h0£) p ro je c tio n . The f ra c t io n a l  atomic co o rd in a tes  deduced are  given 
belows
x z
Iod ine ( l )  0 .9 6 7  0 .2 0 8
Iodine (2 ) 0.934 O.6 9 2
Because of the c lo se  proxim ity  o f the peak P to  the  'y '  h e ig h t 
o f 0 , 5 ^ 5  i t  was im possible to  deduce w ith  any accuracy the d iffe ren ce  
in  fy t co o rd in a tes  o f th e  asym m etrically p o s itio n e d  iod ine  atoms. A 
d iffe ren ce  in  le v e l of 0 ,5  fb ! was thus assumed in  the f i r s t  in stan ce
Fig. (8- The Patterson Function. The P r o f i l e s  of th e  
P e a k s  a s s o c ia t e d  with th e  Iodine - lod ire 
V e c t o r s  a s  a Funct ion  o f  *y *.
1.00 . 5  ,O
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Cl
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as a c lose approxim ation. This has the very g re a t disadvantage th a t  the 
phase ang les based on the iod ine coo rd inates do no t give the a n tic ip a te d  
d is t in c t io n  between the centrosym m etric space group P2^/m and the c o rre c t 
non-centrosym m etric space group P2^. Therefore in  the f i r s t  in s tan ce  an 
attem pt was made to  re f in e  the (hO^) p ro je c tio n  in  o rder to  ob ta in  some 
id ea  of the m olecular arrangement in  the  c iy s ta l .
2.2.5* The (h0£) P ro je c tio n  
The "Heavy AtomM Technique
A necessary  requirem ent fo r  the p rep ara tio n  o f an e lec tro n  d en s ity  
map by F o u rie r  summation i s  the  previous knowledge of the phases of the 
F o u rie r c o e f f ic ie n ts .  These phases may not be determ ined by d ir e c t  
experim ental techniques* bu t i t  i s  p o ss ib le  to  determ ine a number of these 
phases i f  the s tru c tu re  co n ta in s an atom o f s c a t te r in g  power considerab ly  
g re a te r  than th a t  fo r  rem aining atoms in  the s tru c tu re .  Since the 
s c a t te r in g  power of an atom in c re a se s  w ith  in c rea s in g  atomic number, an 
atom such as  iod ine  w il l  s c a t te r  x -ray s  to  a considerab ly  g re a te r  ex ten t 
than the very  much l ig h te r  carbon o r oxygen atoms. A measure o f the  
probable r e l i a b i l i t y  of an e le c tro n  d en s ity  map based on phase c o n tr ib u tio n s  
from iod ine  alone may be ob tained  by considering  the ex ten t to  which the 
atomic number of the l a t t e r  predom inates over the  sum o f the atomic numbers 
o f the rem aining atoms in  the u n it  c e l l .  I t  has been suggested by Lipson
AOand Cochran th a t  the most su ccessfu l a p p lic a tio n  o f t h i s  method I s
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obtained  when th e  square of the atomic number of the  heavy atom i s  equal 
to  the  sum o f the squares of the atomic numbers o f the l i g h t  atoms. In  
d iosgenin  io d o a c e ta te , the square of the atomic number fo r  iod ine  being  
2809 j the r a t io  of th is  to  the sum o f the squares o f the rem aining atomic 
numbers i s  s l ig h t ly  g re a te r  than 2 s l .  I f  th e  r a t io  were 1x1, then  i t  
would be expected th a t  about th re e  q u a r te rs  of th e  phases would be c o rre c t 
and e le c tro n  d en s ity  maps computed from these phases would show the 
rem aining atoms in  f a i r  d e ta i l  § w ith  the h igher r a t io ,  th e  iod ine  
c o n tr ib u tio n s  w il l  ten d  to  dominate the phase d is t r ib u t io n  and in d iv id u a l 
atoms may no t be so e a s i ly  reso lv ed . On the o th e r hand, s ince the  number 
o f l ig h t  atoms c o n tr ib u tin g  to  th e  s tru c tu re  f a c to rs  i s  la rg e ,  th e re  i s  a 
d i s t in c t  p o s s ib i l i ty  o f th e i r  phases an n u llin g  one ano ther whence the 
c o n tr ib u tio n  o f the  heavy atoms w ill  c o r re c tly  rep re sen t the  phases of 
most r e f le x io n s . In  f a c t  i t  was found subsequently  th a t  of the 282 
observed re f le x io n s  fo r  the hOl zone 94$ o f  the phases could be 
c o r re c tly  c a lc u la te d  from th e  iod ine co o rd in a tes  a lone. S ince, fo r  space 
group a centrosym m etric arrangement e x is ts  fo r  the (h0 £) p ro je c tio n ,
the  phase angle i s  e i th e r  0 ° o r 1 8 0 °, the sign and magnitude of th e  s tru c tu re  
fa c to r  was computed from the  re la tio n sh ip s
pho? “ 2 l7l fi(hoe)oos2,l<tai +<zi> • * *
where, x. and z. are the  f ra c t io n a l  co o rd in a tes  o f the  i t h  atom and f . i s  
3 l  l  i
i t s  s c a t te r in g  facto ry  N i s  the  number of atoms in  the  asymmetric u n i t .
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The above c a lc u la tio n s  and the  subsequent c a lc u la tio n s  of E1^ , ,  
were c a r r ie d  out on the  F e r ra n ti  ,fS ir iu s M computer* A flow diagram
i s  given in  Appendix 1§ th i s  was subsequently  converted to  machine code to
based on a m odified v ersio n  o f t h i s  programme. To speed the c a lc u la tio n , 
a da ta  tape was prepared  con ta in ing  th e  values o f the s c a t te r in g  f a c to rs  
c a lc u la te d  fo r  io d in e , carbon and oxygen fo r  each re f le x io n , to  avoid 
r e p e t i t io n  of the c a lc u la tio n  o f f^  in  successive cycles  of t h i s  programme. 
The s c a t te r in g  fa c to rs  u t i l i s e d  in  th ese  c a lc u la tio n s  were ob ta ined  by 
co n s tru c tin g  a curve from the s c a tte r in g  f a c to rs  given in  the 
In te rn a tio n a l Tables of C ry s ta llo g rap h y ^  p lo t te d  ag a in s t the ap p ro p ria te  
value of sin^A .. The curve was then d iv ided  in to  ranges o f 0.05sinOA-, 
and a t  low values of s in £ )/\ in to  ranges o f O .O lsin0/ \ ,  and the  value of 
the ap p ro p ria te  s c a t te r in g  f a c to r  in te rp o la te d  u sing  the equations
in d ic a tin g  the method of c a lc u la tio n  fo r s i n o tcosa
in c rease  the speed of com putation. The c a lc u la te d  values for|F^Q^ were
f
n (x—x;l ) (x -x2) . . .  (x-xn )
A (x .-x ,  ) (x .-x0) . . (x.~x )
. . • (6)
x i s  the upper l im it  of the  range in  use and f  i s  the in te rp o la te d  value n
o f f  a t  sinS/X « x . This equation  lessened  e r ro rs  in  th e  s c a t te r in g  
f a c to rs  deduced on the b a s is  of a l in e a r  re la t io n s h ip  over small sec tio n s  
of the curve.
The c a lc u la te d  values of jF^Q^jwere compared w ith  those  which had 
been observed and those c o e f f ic ie n ts  fo r  which .J.F | was very  small were 
ignored  in  the c a lc u la tio n  of p(XZ) since th e re  was a h igh  p ro b a b ili ty  of 
a ssig n in g  an in c o r re c t  phase to  The rem aining values of j F ^ ^ jw ere
then  used to  compute an e le c tro n  d en s ity  map from the re la tio n sh ip s
p xz = 2/A £  Z  F .0^cos2tt(hx+£z) +51 2.. Fh(^ cos2Tc(hx-£z) . , . ( 7 )
h Ji  h t
The flow diagram fo r  th i s  computation i s  in d ic a te d  in  Appendix 2. The
method of summation i s  a m odified v ersio n  of the method o f Beevers and
L ip s o n ^ . The r e s u l ta n t  e le c tro n  d en s ity  map using  th i s  programme was
checked w ith  one obtained  using  id e n t ic a l  d a ta  in  th e  programme devised
4-5by R o l le t t  and M ills  fo r  op era tio n  on ’M ercury” and the  num erical 
r e s u l t s  from bo th  programmes were found to  be id e n t ic a l  in  a l l  cases. In  
t h i s  p ro je c tio n  th e  r e l i a b i l i t y  f a c to r  fo r  c a lc u la tio n s  based on iod ine  
only , E . £ | | T o [ - [ ? c| |
£ > o l
was 54$  excluding a c c id e n ta lly  absent re f le x io n s . The corresponding 
e le c tro n  d en s ity  map i s  shown in  F ig . 19»
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The p r in c ip a l fe a tu re s  of t h i s  map are seen to  be a tendency fo r  
the co n cen tra tio n  o f e le c tro n  d en s ity  in  the  general d ire c tio n  of the 
plane (202) and s im ila r  peak h e ig h ts  and d is t r ib u t io n  fo r  e le c tro n  d en s ity  
co n cen tra tio n s  separated  by 0*5fc*«
The f i r s t  observation  i s  in  agreement w ith  the fa c t  th a t  th e  (202) 
re f le x io n  i s  th e  s tro n g e s t o f  a l l  observed. However* a v isu a l exam ination 
of the in te n s i ty  d is t r ib u t io n  does not suggest th a t  the m olecules l i e  in
t h e  ( 2 0 2 )  p l a n e *  |  P o ( 2 0 2 ) |  -  291, j 1Po < 3 0 ‘S )  |  “  2 0 8 ’  i  F o ( 3 0 2 ) |  “  * 3 4 *
I?o(3  q « 162. This may be exp lained  i f  the m olecules are  reso lv ed  in  
the  XZ plane* w ith  a d is t r ib u t io n  o f atoms about the plane (202),
The second fe a tu re  suggests th a t the  two asymmetric m olecules are 
arranged w ith  approxim ately s im ila r  !x ! coo rd ina tes  bu t w ith  ' z 1 co o rd in a tes  
d if f e r in g  by a value very c lose  to  0*5* c 1, and ex p la in s  the apparent 
1 h a lv in g 1 of th e  (h0{.) re f le x io n s  when *.£1 i s  an odd in te g e r  as mentioned
t
e a r l i e r ,  T ig, 10, Furtherm ore, the  pronounced peak h e igh t on the 
P a tte rso n  v ec to r map a t  x=0, z=*0.5, coupled w ith  the s trong  p o s itiv e  reg ion  
p e r s is t in g  through the complete len g th  of the ,b* ax is  in  th ese  v ec to r 
diagram s, (F ig s . 16, 17), i s  in  agreement w ith the second observation  on
pxz*
Several arrangem ents of the  chemical model were attem pted on the  
b a s is  of the  e le c tro n  d en s ity  map deduced above. The co o rd in a tes  o f atoms 
were included  in  the  c a lc u la tio n s  only when they  could be p laced  in  reg ions
— 63 —
o f  p o s itiv e  e le c tro n  density* These however, would no t r e f in e  beyond 
R = 40$. F u rth er t r i a l s  were made and an arrangement was found which on 
successive F o u rie r refinem ents in c lu d in g  a l l  atoms, had a r e l i a b i l i t y  
f a c to r  o f 22$.
F u rth e r a ttem pts  to  improve on the co o rd in a tes  so f a r  derived  by 
means o f F o u rie r summations would have been very  time-consuming, s ince the 
da ta  fo r  the l a t e r  summations lead in g  to  R =* 22$ d id  not always produce 
an improvement in  the r e l i a b i l i t y  fa c to r  because of the  la rg e  number o f 
co o rd in a tes  invo lved . A lso, the main fe a tu re s  of the F o u rie r map remained 
unchanged and only one o r two changes in  sign  of s tru c tu re  am plitudes 
w ith  low m agnitudes were noted among a l l  the  r e f le x io n s .
The a n a ly s is  of "d iffe ren ce  mapsn^ ?47 d id  produce somo improvement 
in  th e  atomic p o s it io n s . This method assumes th a t  i f  the c a lc u la te d  phase 
angles a re  m ostly c o r re c t ,  and a c a lc u la tio n  i s  based  on those phases and 
i^obs! # ^iien aPProx im ately c o rre c t e le c tro n  d e n s ity  map w ill  be 
obtained^ s im ila r ly , c a lc u la tio n s  u sin g  the  same phases and JFc a lc | a s 
c o e f f ic ie n ts  w il l  produce an e le c tro n  d e n s ity  map corresponding c lo se ly  to  
the  p o s tu la te d  model. A c a lc u la tio n  us in g  ^0-^ g -  ^ cai 0 as c o e f f ic ie n ts  
w ill  th e re fo re  a ffo rd  a measure o f the  e r ro r  in  the  p o s tu la te d  model.
In  g e n e ra l, an atom c o r re c tly  p laced  would have no peak h e ig h t on a 
d iffe ren ce  map§ an atom om itted  would be rep re sen ted  by a pronounced 
peak and the assumed p o s itio n  o f one p laced  in c o r re c t ly  would be in d ic a te d
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by a s tro n g  negative  reg ion . The id e a l s i tu a t io n  i s ,  th e re fo re , a map 
possessing  a f l a t  topography. However, when an average is o tro p ic  
tem perature f a c to r  i s  employed, as i s  the case w ith  d iosgenin  io d o a c e ta te , 
a d iffe ren ce  map w ill  a lso  show v a r ia t io n s  in  topography due to  the 
d if f e r e n t  a n iso tro p ic  v ib ra tio n s  of each in d iv id u a l atom, n e v e r th e le ss , 
sm all e r ro rs  in  coord ina tes  may be ad ju sted  by s h if t in g  the p o s itio n  a 
sh o rt d istan ce  up the slope of th e  g rad ien t shown on the  map. F ig . 20 
shows the d iffe ren c e  map ob tained  when R = 22$, to g e th e r w ith  the  s h i f t s  
ap p lied  to  the atoma c p o s itio n s  to  produce a value o f E » 21$. I t  w il l  
be n o ticed  from th i s  f ig u re  th a t  most of the changes in  co o rd in a tes  are 
again very sm all. As in  some cases the magnitude o f th ese  changes could 
not be re a d ily  determ ined from the  map and th e re  were a la rg e  number of 
s h i f t s  to  be ap p lied  i t  was f e l t  th a t  a le a s t  squares refinem ent which i s  
a pu re ly  m athem atical p rocess might be more e f fe c t iv e  in  reducing the  
r e l i a b i l i t y  f a c to r .
L east Squares Refinement
This method seeks to  f in d  coord ina tes  producing the "b est f i t "  
between the  values f F | and | F | , as f a r  as e r ro r s  o f ob serv a tio n  perm it.
F i s  c a lc u la te d  as in  equation  (5) and each x ,z  lo c a tio n  i s  assumed to  be
w
in c o r re c t  by small e r r o r s / lx ,  A z , I f  these  e r ro r s  may be considered  as 
fo llow ing the  Gaussian law, the  "best"  values of coo rd ina tes  w il l  r e s u l t  
from the m inim ization o f the  quan titys
Fi
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E " ^ W ( l Fo(bO£)! "  l Fc(hO €)|) * • *
WhO£ in v e rse ly p ro p o rtio n a l to  the square o f the probable e r ro r  in
!^o(h0$) sum ■^*2e i n<^ ePen( e^n^ term s.
A small change-ix of the x coordinate in  the s tru c tu re  w il l  a l t e r  I f  } by o n n 1 c1 *
6 Fan amount  IL .A x  th e re fo re , changes in  both x and z  coo rd ina tes  of thec noxn
t o ta l  number N atoms produce a change in  |F  | ofsc
N 6F 6F
AF m Z  — - 6  X + — • A a . . .  (8)
n=l 6x 6zn n
In  o rder to  ob ta in  reasonably  accu ra te  r e s u l t s  a la rg e  number of
equations r e la t in g  )FQj to  | F^j must be s e t  up. The s e t  of observed
equations must then  be reduced to  a se t of normal equations of the  typei 
( /  6F \  2 5F 6FZwi _ o  \ Ax +  - a  ^  »  +l_— - I  +  —  A z
hC  I \  6x 1 n 6z 63 “ ~ n *“ “n n n
+ L
6F ,^ 6F 6F
— -A x __c
m 5x \ m ,6 x  n 5sn
2Lw(F -F  ) 6Fc . . .  (9)ht> o c7  ----
6xn
fo r  an atom n§ L. denotes the sum over a l l  the  atoms except the n th . With ? m
r  6F . 6Fatoms which are  w ell re so lv ed  the  term s, 4*w c  c . a re  n e g lig ib le
T - , 6 F  . , 2  "  ^
compared w ith  ^ w /  c \  . Furthermore i f  th e  axes , are orthogonal or
6xn
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n ea rly  so, 21 w ^ c . ^ c  may a lso  be n eg lec ted  and one can reduce
6x 6z , n n
equation ( 9 ) to  the  approximate s o lu tio n s 2
' W - S - l ' o  - F o > ^ / f r ( ^ ) 2  < “ >
n n „
__ SF ,6F
S i m i l a r l y , = £  w (P0 -  F0) — * /  f e wf —  j  • • • (n )
n n
In  th i s  s tru c tu re  the axes are almost orthogonal and the m a jo rity
of th e  atoms are  reso lved  in  th e  XZ p lane. However, i t  had proved
im possible so f a r  to  reso lve  the io d o ace ta te  groups and sp iro c y c lic  r in g s
of the two m olecules in  th e  asymmetric u n i t .  The le a s t  squares refinem ent
was n ev e rth e le ss  attem pted fo r  a l l  68 atoms using  273 h0£ re f le x io n s , and 
the  suggested c o rre c tio n s , Ax^ and Az^, were halved before a p p lic a tio n  
in  successive s tru c tu re  fa c to r  c a lc u la tio n s . A flow diagram f o r  the  
computation o f le a s t  squares c o rre c tio n s  in  th ree-d im ensions i s  given in  
Appendix 45 the two dim ensional c a lc u la tio n  was a m odified v e rsio n  o f th i s  
programme. I n i t i a l l y ,  u n it  w eights were ap p lied  in  the  refinem ent, and 
successive cycles  reduced the r e l i a b i l i t y  f a c to r  to  18fo. At th i s  stage
a8a value of w = \ / s i n ®  was in s e r te d  in to  the computation • This reduced
the value o f R more ra p id ly  than  the previous method and a value of 15j> 
was ob ta ined .
The main reason fo r  employing th i s  w eighting fa c to r  was based  on 
the f a c t  th a t  no la rg e  in c rease  in  time of computation was involved  fo r
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one cy c le . Although 3*5 hours per cycle was n o t excessive fo r  the (h0£) 
d a ta , an in c rease  in  time could here he to le ra te d ,  any e x tra  time becomes 
em inently more im portant in  th re e  dim ensions. The time o f o p era tio n  i s  
more than  te n  tim es th a t  fo r  the (h0£) da ta  even a f t e r  e x tra c tio n  o f the 
h.0-£ d a ta  which comprises about one f i f t h  of the t o t a l .  Because of t h i s ,  
i t  was e s s e n tia l  to  determ ine whether a w eighting f a c to r  such as  the above 
would be e f f ic ie n t  in  subsequent c a lc u la tio n s , and the red u c tio n  o f R to 
15io was taken to  in d ic a te  th a t  t h i s  was so. The (hO£) p ro je c tio n  a t  th i s  
stage i s  shown in  P ig . 21, to g e th e r  w ith  a diagram o f the molecule in  
p ro je c tio n .
The w eighting f a c to r  so f a r  employed p u ts  an emphasis on th e  low 
angle re f le x io n s  and a t  t h i s  stage of the  refinem ent i t  would be expected 
th a t  sm all refinem ents would be c o n tro lle d  by e r ro r s  in  high angle 
re f le x io n s , and here the more ap p ro p ria te  w eighting fu n c tio n  would bes
w = 1 /  (a  + | P o j + c j F j  2) where a * 2Fmin
C B
4-9The f in a l  refinem ents fo r  were attem pted using  th i s  scheme 7 b u t only 
a f te r  a l l  x ,y ,z  co o rd in a tes  were re f in e d  using  a th ree-d im ensional l e a s t  
squares programme which w ill  be discussed l a t e r .
2/:^ max
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2*2c60 D eterm ination o f the ty ! coo rd inates of th e  atoms
While the  two-dim ensional exam ination mentioned above was in
p ro g ress , an  attem pt was made to  determ ine th e  f u l l  th ree-d im ensional
arrangement* This req u ired  the use of a l l  the a v a ila b le  d a ta  as opposed
to  th a t  f o r  th e  h0£ zone alone* Because of the n e c e ss ity  of using
co o rd in a tes  fo r  the iod ine atoms whose r e la t iv e  fb ! h e ig h ts  d id  no t perm it
a d is t in c t io n  between the  centrosym m etric space group P2^/m and the
non-centrosym m etric space group as in d ic a te d  in  th e  p rev ious sec tio n ,
i t  was ap p rec ia ted  th a t  any r e s u l t in g  th ree-d im ensional e le c tro n  d en s ity
maps, phased on the  iod ine  atoms a lone, would produce fou r m olecules
# i
per asymmetric u n i t ,  two of which would be I t  was hoped,
however, th a t the  use of a l l  hk£, d a ta  would enable peaks to  be more
re a d ily  found and th a t  some resemblance to  the  m olecular co n fig u ra tio n
alread y  determ ined by chemical means could be iso la ted *
A three-d im ensional e le c tro n  d en s ity  map was c a lc u la te d  a t
in te rv a ls  o f t 'b, / l 5 9 as th e  *bf h e ig h t was r e la t iv e ly  sm all§ t h i s
c a lc u la tio n  was based on the  c o n tr ib u tio n s  of the io d in e  atoms a lone ,
excluding va lues where ! Fcaji0| was n e g lig ib le . The iod ine  atoms were
s itu a te d  on th e  m irro r p lanes of the space group P21/m and th e  fo llow ing
g eneral equation  fo r  e le c tro n  d en s ity  de term ina tion  was u sed s- 
. o© k»2n
PX I Z  “ 4/ Vc l  4r jFhk£cos27l h^X + ^  + ~ ^z )~] cos27tkI
oo k-2n+l  ^ w, j
-  r* sin27i(hX + t  Z) + P^^sin2')x(hX -  i  Z)J sin27tkYf
O u v
• • • (12)
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The r e l i a b i l i t y  fa c to r  fo r  th i s  th ree-d im ensional d a ta  was 50$°
Peaks on the r e s u l t in g  se c tio n s  o f h e ig h t g re a te r  than  o r equal to
a se le c te d  a r b i t r a r y  value were then p laced  on a th ree-d im ensional model
of volume !a* x !c ! x !b 4/2 i  The model was co n stru c ted  to  a sca le  o f 
o
1A « 2 cm. and the a rea  ra* x ‘c 1? !a ! in  30 ths, *0 * in  60ths? was drawn
on a shee t o f paper. The l a t t e r  was f ix e d  to  a cork shee t and the x ,z  
coo rd ina tes  marked w ith  s te e l  k n i t t in g  p in s . The ap p ro p ria te  , b l h e ig h t 
fo r  in d iv id u a l p o s itio n s  was then marked on the  p ins by means of small 
p ieces  o f cork. An attem pt was then made to  f in d  the m olecular arrangem ent, 
i n i t i a l l y  w ith  no assum ption of the  !x ! and 1 z ! coord ina tes  from th e  XZ 
p ro je c tio n . The number of peaks in  t h i s  model f a r  exceeded the number 
re q u ire d , assuming the  presence of a d d itio n a l symmetry? consequently , 
even a f t e r  reducing the number o f considered  peaks so th a t  only the 
g r e a te s t  were used , the attem pt met w ith  no success.
The (0k£) P ro jec tio n
In  o rder to  o b ta in  some id ea  of the  m olecular p o s itio n s  along *b! , 
th e  (Okf) p ro je c tio n  based on phases from iod ine  co o rd in a tes  alone was 
nex t attem pted. Here, the very small !b ' dimension meant th a t  l i t t l e  
re so lu tio n  o f in d iv id u a l atoms could be expected? th i s  f a c to r  was 
enhanced by the f a c t  th a t  only a r e la t iv e ly  small number o f re f le x io n s  was 
involved . The m olecules would most probably be seen p ro je c ted  along th e i r  
w idth and, from the  appearance o f the (hO-Q p ro je c tio n  based on iod ine
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coord ina tes  alone (Fig*19) th e re  would a lso  be some m olecular overlap* 
Howevers i t  was hoped th a t  concen tra ted  r id g es  of e le c tro n  d en s ity  would 
in d ic a te  the m olecular p ositions^  approxim ately. This p ro je c tio n  a lso  has 
the  added disadvantage o f producing a centrosym m etric e le c tro n  d e n s ity  
map when the asymmetric iod ine  p o s itio n s  d i f f e r  in  t h e i r  !y*coord inates 
by *b*/2$ in  th e  general ca se3 t h i s  p ro je c tio n  would be noncentrosymmetric 
w ith  the  two m olecules per asymmetric u n i t .
The r e s u l ta n t  e le c tro n  d en s ity  map F ig . 22 was c a lc u la te d  from the  
general equation  fo r  P2^/ms
( y  fc=2n o?_ 3&=2n+l
PfZ “ ^Ok-C cos2^Zcos2Tik:Y -  Fq^^  sin27i£Zsin27EkY • . . (13)
The main fe a tu re s  o f t h i s  map are  the appearance of p o s itiv e  r id g e s  
of e le c tro n  d en s ity  emanating from the  iod ine  atom o f coord ina tes  0 . 9 7 0 ? 
0.250, 0.200p and i t s  sym m etrically r e la te d  atom. These r id g e s  which are 
r e la te d  by m irro r symmetry, are s i tu a te d  c lose to  th e  p lanes *b* = 0 and 
*b* = 1/2  in  the  u n it  c e l l  and run approxim ately p a r a l le l  to  the *cf 
ax is  f o r  alm ost h a lf  the  len g th  o f the c e l l  over the  range 0 . 2 0 *0 * to  
-0 .21*c*. Each rid g e  corresponds f a i r l y  w ell to  p a r t  o f one o f the 
m olecules in  the asymmetric u n i t .  The rem aining c e n tra l  p o rtio n  o f the 
c e l l  over the range 0.2*c* to  0.8*c* was im possible to  in te r p r e t .
A fte r the (hO-0) p ro je c tio n  had progressed  to  a stage where the 
r e l i a b i l i t y  f a c to r  was about 27$? the main fe a tu re s  of the m olecular
o
co n fig u ra tio n  in  the XZ plane could he seen to  correspond c lo se ly  to  the
chemical model and the  arrangement of the m olecules in  the 1 c* d ire c tio n
in  th e  u n it  c e l l  was known. Then, assuming th a t  the  m olecular
conform ation was close to  th a t  deduced chem ically , a n  attem pt was made to
p lace  the m olecules in  the reg ions of p o s itiv e  d en s ity  on th e  (0k€)
p ro je c tio n  such th a t  they  corresponded w ith  th i s  conform ation and th e  *cf
d ire c tio n  in  the u n it  c e l l .  The general equation  used in  th i s
c a lc u la tio n  fo r  space group P2-J, was? 
k=2n
= 4-/A j j-^ ok-^ . cos27l^cos27tkY + BQk^cos27t?Zsin2nkY
0 0  k=2n+l \
s i n 2T i £ Z s i n 27tk Y  + B Q ^ s i n 2 T i ( 'Z c o s 27i;k Y ! J- . . , (14)
The assumption of th i s  conform ation was reasonable since the  f i r s t  fo u r
50r in g s  of th is  molecule correspond c lo se ly  w ith  those  o f c h o le s te ro l , 
the c ry s ta l  s tru c tu re  of which, as c h o le s te ro l io d id e , has a lread y  been 
determ ined 3 the  conform ation adopted fo r  d iosgenin  io d o ace ta te  
corresponded vd th  the  arrangement deduced fo r  c h o le s te ro l.  The main 
d i f f i c u l ty  i n  the in te rp r e ta t io n  o f the YZ p ro je c tio n  was the lack  o f 
d e f in i te  knowledge of the coord ina tes  fo r  the l ig h t  atoms, e s p e c ia lly  in  
the  io d o ace ta te  groups. Several m olecular arrangem ents were t r i e d ,  none 
of which seemed com pletely s a t is fa c to ry .  Even th e  removal of th e  m irro r 
plane by in co rp o ra tin g  the  l ig h te r  atoms d id  not c la r i f y  the  m olecular
p o s itio n s  w ith  re sp ec t to  the very  small fb f dimension. One o f these
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arrangem ents which was s im ila r  to  th a t  f in a l ly  adopted d id  produce a
gradual red u c tio n  in  the value of the  r e l i a b i l i t y  f a c to r  h u t d id  not
show, to  any degree of ce rta in ty *  the m olecular arrangements* The
sp iro c y c lic  r in g  F, which might he expected to  reso lve  in  th is  p ro jec tion*
is 'u n fo r tu n a te ly  s itu a te d  in  c lose proxim ity to  the iod ine  atom o f the
asym m etrically  r e la te d  molecule and appears to  he p a r t i a l ly  obscured by
i t  and the a ttach ed  ac e ta te  group. This fa c to r  com plicated the
determ ination  of the  coo rd ina tes  of the atoms te rm in a tin g  the molecule in
r in g  F. An in te re s t in g  fe a tu re  of these  e le c tro n  d en s ity  determ in a tio n s
was the  gradual sep a ra tio n  of the Ty ’ coord ina tes  of the io d in e  atoms*
u n re la te d  by symmetry* by a fa c to r  g re a te r  than *b, /2 .  The d iffe re n c e
0
in c re a se d  to  as much as 0.6A. However* the  lack  of knowledge of the exact
lo ca tio n  o f th e  sp iro c y c lic  r in g s  and of the io d o ace ta te  groups* which could
have an e f f e c t  on the p o s itio n  in  p ro je c tio n  o f th i s  heavy peak, meant
0
th a t  the r e la t iv e  displacem ent o f 0.6A. could not n e c e ssa r ily  be considered  
to  be the  tru e  d iffe ren ce  between th e  iod ine  coo rd ina tes  in  the fb f 
d ire c t io n . The m olecular arrangem ents in  the fb* d ire c tio n  were then 
sought on the th ree-d im ensional model mentioned above $ t h i s  however d id  
not produce a s a t is f a c to ry  model s tru c tu re .
A M odified Three-Dimensional E lec tro n  D ensity Map
As the use of the heavy atom technique depends on the approxim ation 
to  tru e  phase angles of those deduced from the  heavy atoms a lone , i t  i s
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more ap p ro p ria te  to  consider the  degree of p ro b a b ili ty  o f th is
approxim ation being  c o rre c t fo r  each re f le x io n  in  a p a r t ic u la r  s tru c tu re
a n a ly s is ,  and to  weight the phase angles accord ing ly . The d is t r ib u t io n s
51,52
of these  phase angles fo r  space groups PI and PI was d iscussed  by Sim * 
53In  19599 Sim proposed a m od ifica tio n  of th e  heavy atom method ap p licab le
54to  non-centrosym m etric s tru c tu re s .  I t  had been shown p rev io u sly  th a t
e le c tro n  d en s ity  c a lc u la tio n s  based on the  heavy atom p o s itio n s  a re  le s s
l ik e ly  to  reso lv e  the  rem aining atoms in  the  case of a non-centrosym m etric 
s tru c tu re  than  in  a centrosym m etric case due p r in c ip a lly ,  to  th e  g re a te r  
range o f phase angles in  the  non-centrosym m etric case. In  the 
centrosym m etric space group improved re so lu tio n  of the atoms was ob ta ined  
by employing m odified F o u r ie r . c o e f f ic ie n ts  in  the  c a lc u la tio n  o f e le c tro n
5 5  53d en sity  d is t r ib u t io n  . Sim showed th a t  in  non-centrosym m etric 
s tru c tu re s ,  the p ro b a b ili ty  of the phase angle e r ro r  (a -  a^) ly in g  
between l im i ts  ^ and ( £+  dH,) fo r  a s tru c tu re  w ith  f ix e d  va lues o f |Fq | ,
|Fgj and i s  given bys
P(£) d £  * exp (Xcos£) d^/27a (X) « * . (1 5 )
where |Fg| and are the experim ental values based on a heavy atom, E.
|Fq I i s  the observed s tru c tu re  amplitude and X « 2 |Fq 11
etttfmi'c- •Scu-t't-zrinfj 'fa.c.l'&rs H>g
i s  the sum of the square* of the j^ rem aining atoms in  th e  s tru c tu re  and
I  i s  the m odified zero o rder B essel fu n c tio n .0
Since the w eighting fu n c tio n  depends 011 the  p ro b a b ili ty  o f the  
accuracy o f the  phase ang les , when i t  i s  l ik e ly  th a t  (a -  a^) i s  h igh ,
I f [ re q u ire s  to  "be weighted, by a small fac to ry  conversely , when i t  i s  
probable th a t  (a -  a^) i s  sm all, the w eighting f a c to r  (W) should be la rg e , 
in c re a s in g  to  a maximum value o f 1 W i s ,  th e re fo re , a fu n c tio n  of P(£)s 
Sin?3 defined  W = (2P(90°) -  l )  as su ita b le  and provided a tab le  in d ic a tin g  
the value o f W fo r  values of X over the range 0 .0  to  5*0. Beyond th i s  
value of X, W was taken .equal to  u n ity . An improved w eighting f a c to r  has
56now been deriv ed  by Sim i. Using the graph (F ig .2 3 )? obtained  from the  
values g i v e n a  value of W was. assigned  to  each re f le x io n  from the 
c a lc u la te d  values of X and a th ree-d im ensional e le c tro n  d en s ity  map was 
computed based on the space group P2- /^m u sing  the m odified F o u rie r 
c o e f f ic ie n ts  in  equation  (12). The most obvious fe a tu re  o f th ese  maps was 
the  d iffe ren ce  in  peak h e ig h t o f the  two iod ine  atoms u n re la te d  by 
symmetry (F ig . 24 ). This had not occurred p rev io u sly  on the unm odified 
th ree-d im ensional e le c tro n  d en s ity  maps nor d id  i t  appear in  subsequent 
d e n s ity  d is t r ib u t io n s .  No r e a l  exp lanation  of t h i s  f a c t  could be found 
except th a t  i t  might be a fu r th e r  dem onstration th a t  these  iod ine  
co o rd in a tes  d if fe re d  by a f a c to r  g re a te r  than fb */2. With t h i s
57p o s s ib i l i ty  and the knowledge th a t  Robertson in  h is  in v e s tig a tio n  of 
epilim onol io d o ace ta te  had dem onstrated th a t  only a small displacem ent of 
the iod ine co o rd in a tes  from the  ’’a r t i f i c i a l ” m irro r p lanes could d es tro y  
the  centrosymmetry, an attem pt was made to  c a lc u la te  two se c tio n s  a t  
y « 0.0625 and y = 0*4375 r e la te d  by the  m irro r p lanes u s in g  the  
w eighting method of Sim and w ith  the  iod ine  atoms d isp laced  by a to ta l
Fig. 23.  Graph employed in deriving the weighting 
f u n c t i o n  by Sim's M eth o d .
Fig. 2 4 .  Peak h e i g h t s  a s  a f u n c t i o n  of  ' y  for iodine  
c o o r d in a te s  using Sim’s w e ig h t in g  f u n c t i o n .
6 0 0
Iodine 1 .
0 . 9 7 2  , *0 .250*  , 0 . 2 0 4
0 . 50 . 2 5O
lOOO
0 . 9 3 0  /  0 . 2 5 0 ’ ,0.691
0 . 50 . 2 5O
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0
amount o f 0.5A from the  ,Tm irro r planes'* and using  the  folloYdng general 
equation  fo r  c a lc u la tio n  of e le c tro n  d en s ity  d is tr ib u tio n s
pyYZ =  4 /  c ^ ^ e 0 0 8 2 1 ^ ^ 21  ^ o o s2 T tk :Y  + B ^ c o s 2 T t ( b X + £ z )  sin27tkY
+ A- flCos2n;(-hX+€z) cos27ikY + B^.^cos27i(-hX+^Z) sin2rikY]
hk€
-  ^fAj^sin27t(hX+^Z) sin27ikY + sin27i(hX-f>{?Z) cos27xkY
+ Ap ^ sin2tt( -h X + l Z) sin27tkY + B^£sin27x(-hX+£z) cos27tkYjJ
. . . (16)
Such a displacem ent was p o ssib ly  more c o rre c t than  using  a d iffe re n c e  in  
fy ! h e ig h t o f !b f/ 2  since the (Ok^) p ro je c tio n  mentioned above had a lread y  
suggested a s l ig h t ly  g re a te r  displacem ent. The sep ara tio n  was* however, 
in s u f f ic ie n t  to  d estroy  adequately  the  centrosymmetry. A second model 
was b u i l t  fo r  space group P2^/m over the yolume fa* x !c ! x fb 1/ 2 • Again, 
peaks above a se le c te d  a r b i tr a r y  value were rep re sen ted  on th e  model and 
an attem pt was made to  f in d  some of the  m olecular conform ation using  the 
fx ! , xz x% coo rd ina tes  deduced from the  (h0 £) p ro je c tio n  which by t h i s  
time had a r e l i a b i l i t y  f a c to r  of 21$. The appearance o f t h i s  model was 
considerab ly  d if fe re n t  from th a t  obtained  p rev io u sly  and contained  fewer 
peaks.
The attem pt to  f in d  a reasonable arrangement was now more su ccessfu l 
and the molecule a ttach ed  to  th e  iod ine atom whose coord ina tes  were 
O.97O, O.25O3 0.200§ had sev era l o f the r in g  systems c lose  to  zero o r
-  81 -
0.5*b* cp.(Ok-f) p ro je c tio n  fo r  P2^/m ,(Fig. 22). This meant th a t  fo r  those 
atoms, th e re  was the choice of one of two p o s s ib i l i t i e s  not confused by 
being  too c lo se  to  the  "m irror plane"§ as the l a t t e r  p o s itio n  was 
approached by th e  time r in g  C in  the molecule was p laced , i t  was decided 
to  in co rp o ra te  in  the  next c a lc u la tio n  only those p o s itio n s  which were 
defined  unambiguously in  the  m olecular conform ation chosing one s ide  of
mirrer  -Lm&tfg.
the  "m irror plane" as s ta r t in g  p o in t. As the o th e r two^molecules in  the 
asymmetric u n it seemed to  be s i tu a te d  c lose  to  the  "m irror p lan e" , i t  was 
decided no t to  in co rp o ra te  any atoms corresponding to  t h i s  m olecule, s ince 
they  would be more re a d ily  su scep tib le  to  e r ro rs  in  judgment of p o s it io n .
Cc ~o rd  i t  &JS
Some of the peaks reached th e i r  maximum h e ig h t a t  ’b !/4  h r t  the^jw ere 
not in co rp o ra ted  in  th is  c a lc u la tio n  since they might be due to 
su p erp o s itio n  of two peaks very c lose  to  the "m irror p lane" and th e i r  
in c lu s io n  a t t h i s  he igh t might lead  to  a slower approach to  t h e i r  c o rre c t 
value than  i f  they were om itted  u n t i l  the  a r t i f i c i a l  centrosymmetry was 
la rg e ly  destroyed .
Three-dim ensional s tru c tu re  f a c to r  c a lc u la tio n s  based on the
*
in c lu s io n  of these  e x tra  atoms were nex t computed^ a flow diagram of the 
programme used i s  given in  Appendix 1. The r e l i a b i l i t y  f a c to r  showed 
very l i t t l e  improvement, but t h i s  might w ell be expected since a l l  these 
a d d itio n a l a tom s.lay  in  the range ' c !/4  to  — ' c !/4  thus in c o rp o ra tin g  the 
co n ten ts  o f one h a lf  of the u n it c e l l .  However, the a r t i f i c i a l  cen te r  of 
* C, — Cle Vt
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symmetry was la rg e ly  removed, which was a most im portant f a c to r ,  and the 
computed th ree-d im ensional e le c tro n  d en s ity  d is t r ib u t io n  (flow  diagram 
Appendix 3) enabled ad d itio n a l atoms to  be p laced  in  the c ry s ta l  model.
The number of atoms in co rp o ra ted  was g rad u a lly  in c reased  w ith  successive 
s tru c tu re  fa c to r  c a lc u la tio n s  and e le c tro n  d en s ity  d is t r ib u t io n s  and the 
!x 3, ?y f and ’ z ! coord ina tes  were g rad u a lly  re f in e d  w ith the  (hk-0) d a ta .
The r e l i a b i l i t y  f a c to r  o f the (hk£) da ta  slow ly decreased  to  a value of 28$ 
and g rad u a lly  the m olecular co n fig u ra tio n  became more apparen t.
One po in t of p a r t ic u la r  note a t  th i s  s tage was the presence of 
a d d itio n a l peaks s i tu a te d  a t a d is tan ce  ^ b ’/ ^  from th e  iod ine atoms and 
making a r in g  o f p o s itiv e  d en s ity  about the !x ! , *z! p co o rd in a tes  o f the 
corresponding iod ine  atom (F ig . 25)* These a reas  of p o s itiv e  d en s ity  had 
p e r s is te d  throughout the  in v e s tig a tio n  and although a t th i s  s tage of the 
refinem ent they  were not as prominent as in  th e  i n i t i a l  s ta g e s , they were 
s t i l l  of s tre n g th  s u f f ic ie n t ly  g re a t to  m erit f u r th e r  a t te n t io n .  This 
f a c t  was fu r th e r  enhanced by the  knowledge th a t  in  the  (hO-E) p ro je c tio n  
of the e le c tro n  d e n s ity , two very small co n cen tra tio n s  o f e le c tro n  d e n s ity  
had appeared a t  p o in ts  between the  two iod ine atoms in  the asymmetric u n it  
and, although they  had d isappeared  in  the f in a l  s tag e s  of refinem ent the 
background in  th a t  reg ion  of the map was not com pletely even. These 
reg ions on the  th ree-d im ensional maps were i n i t i a l l y  considered  to  be 
caused by in c o r re c t  phasing due to  a number o f th e  l ig h te r  atoms having
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atomic coord inates ?/hich were in s u f f ic ie n t ly  c o r re c t .  T his, however, 
could not be th e  ex p lan a tio n  a t  l a t e r  s tages o f th e  refinem ent and fu r th e r  
ex p lanations were sought* The appearance of th e se  reg ions did not seem to  
in d ic a te  any reasonable  atomic p o s itio n s , the peak p o s itio n s  being  too 
close fo r  normal bond len g th s  and a l l  these  peaks appeared on th e  same 
se c tio n  r e la t iv e  to  each iod ine  atom, e*g*
Iodine x^, 0.25? . . . .  p o s itiv e  d en s ity  a t  fb f -  5
Iodine x^? 0.75? z>2 •* 0° p o s itiv e  d en s ity  a t  !b ! « 0,2f>
N everthe less , to  v e r i f y  th a t  no so lven t m olecules were in  f a c t  p resen t 
th e  m a te ria l was subm itted fo r  m icroanalysis  and the carbon, hydrogen 
and iodine con ten t thus determ ined was compared w ith  the  th e o re t ic a l  values
th e o re t ic a l  $
I  21.70
C 59-79
H 7.38
The agreement was extrem ely good in d ic a tin g  th a t  no a d d itio n a l atoms were 
l ik e ly  to  be p resen t in  the  c r y s ta l .  No p rev ious m icroanalysis  had been 
considered  necessary  as the m a te r ia l had a lread y  been examined 
sp e c tro sc o p ica lly  and the sp e c tra , as  mentioned e a r l i e r ,  had been shown to
experim ental $
21.56
59.87
7.29
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correspond w ith  p rev iously  in v e s tig a te d  sp ec tra  of d iosgenin  a c e ta te  § in  
ad d itio n  the  experim ental d e n s ity  de term ina tion , mentioned p rev io u sly , 
agreed w ell w ith  the th e o re tic a l  value., F u rth e r confirm ation  th a t  no o th e r 
so lven t m olecules could be p resen t was ob ta ined  by a re-exam ination of the 
in f r a - r e d  spectrum. This showed conclusive ly  th a t  th e re  was no band 
corresponding to  an hydroxyl group and the carbonyl group band corresponded 
to  th a t  in  th e  io d o ace ta te  group of the m olecule. Therefore, th e re  was no 
p o s s ib i l i ty  of a so lven t such as methanol o r acetone the only two so lven t 
m olecules l ik e ly  tc  be p re sen t,
58Another p o ssib le  ex p lan a tio n  i s  the suggestion  by Buerger th a t
such reg ions are  due to  a ’’cut o f f ” of the  re f le x io n  d a ta . I t  i s  
apparen t, from the observed va lues o f s tru c tu re  am plitudes fo r  the  
W eissenberg la y e r  h4-£, th a t  these  values a re  f a i r l y  h igh num erically  and 
one might have expected th a t some s tru c tu re  am plitudes fo r  the  la y e r  
h5£ would have been observed. In  f a c t ,  no such re f le x io n s  were observed 
even a f t e r  long exposures w ith  the  c ry s ta l  o s c i l la t in g  about the , a t and 
,b* axes. The attem pt to  c o rre c t th e  co o rd in a tes  fo r  t h i s  ’’cu t o f f ” w ill  
be d iscussed  l a t e r .
Three-Dimensional Least Squares Refinement
The r a te  of improvement o f the r e l i a b i l i t y  f a c to r  had been v ery  
slow in  the th ree-d im ensional refinem ents by means o f F o u rie r summations. 
The improvement being  about 2 $  per cycle in  th e  e a r ly  s ta g e s  l a t e r
reducing  to  1$ and then to  0 .5$  p er cy c le . With a value o f R a t  28$ and 
th e  !x , z f coo rd ina tes  corresponding to  a value o f R fo r  (h0£) of 18$, 
i t  was decided to  attem pt to  re f in e  the O k£zone, where R was 34$? by 
means o f l e a s t  squares using  th e  equationss
2
A y  »1l (F -  F ) •'n nr o c y ' •
2
. . . (18)
The reason  fo r  t h i s  dec is ion  was th a t  the F o u rie r p ro je c tio n  fo r  t h i s  zone
low r e l i a b i l i t y  f a c to r ,  the  main discrepancy ap p aren tly  lay  in  the  fy* 
co o rd in a tes . Although the  overlap  here was very  g re a t ,  and the number of 
a v a ila b le  re f le x io n s  was only 73? the speed of t h i s  computation was so 
much g re a te r  than fo r  the th ree-d im ensional c a lc u la tio n  th a t  i t  d id  a t  
l e a s t  m erit a t te n t io n  p r io r  to  the  leng thy th ree-d im ensional c a lc u la tio n s . 
The value of R re f in e d  q u ite  su c ce ss fu lly  to  approxim ately 21$ where 
i t  d id  no t appear to  have reached i t s  minimum v a lu e . At th i s  stage a 
th ree-d im ensional s tru c tu re  fa c to rs  c a lc u la tio n  was computed w ith  the 
a t f i r s t  somewhat su rp r is in g  r e s u l t  of an improvement in  R of only 0 .1 $ . 
This must have been due to  the lim ite d  number of re f le x io n s  in  use which
was unimformative and since the (hOf1,) p ro je c tio n  had such a com paratively
-  87 -
d id  not even s a t i s fy  the th e o re t ic a l  minimum suggested fo r  le a s t  squares 
re finem en ts .
I t  was then  decided to  r e f in e  the fy f coo rd ina tes  alone u t i l i s i n g  
much more of the av a ilab le  (hk£) d a ta  as th i s  would s t i l l  be considerab ly  
f a s t e r  than re f in in g  a l l  th re e  co o rd in a tes . The amount o f d a ta  employed 
wan about two th i rd s  of th a t  av a ila b le  and one le a s t  squares cycle took 
over 20 hours. Several cycles  were attem pted and the r e l i a b i l i t y  f a c to r  
g rad u a lly  improved to  a value of 26$. The process was ex cessiv e ly  slow
aQ
and as by t h i s  time the w eighting fu n c tio n  w = s \ / s in 6 h a d  been ap p lied  
su cc e ss fu lly  fo r  the (h0£) re f le x io n s  i t  was decided to  use th is  and 
attem pt to  re f in e  a l l  th re e  coo rd ina tes  sim ultaneously . The p o s s ib i l i ty  
e x is te d  th a t th e  !x , z ! co o rd in a tes  derived  fo r  the  h0£ zone might be 
s l ig h t ly  d if f e r e n t  from those derived  using  a l l  the a v a ila b le  d a ta . A fte r  
f a i lu r e  in  t h i s  procedure, due to  programming e r ro r s ,  the R fa c to r  
improved more ra p id ly  (0 .6$  in  the  f i r s t  cycle) and the above suggestion  
concerning the *x, z T coo rd ina tes  was supported by an in c rease  in  the R 
f a c to r  from 15*5$ to  16.5$ fo r  hOf re f le x io n s  only , and a lso  by the 
c o rre c tio n s  which had to  be ap p lied  to  the  *x* co o rd in a tes , many of which, 
in  th e  f i r s t  in s ta n c e , were in  the  second decimal p lace . Subsequent 
l e a s t  squares refinem ents showed slow improvements and an R efac to r o f 19$ 
was f in a l ly  reached.
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At th i s  stage i t  was not considered  p ra c tic a b le  to  continue w ith
successive th ree-d im ensional refinem ents. Two refinem ents of the  (hO-t)
49d ata  were attem pted using  the w eighting fu n c tio n  mentioned e a r l i e r  •
The r e l i a b i l i t y  fa c to r  improved from E = 15$ to  E s  14$ . The f i r s t  of
these  refinem ents was compared w ith  a refinem ent of the same da ta  u sing
the w eighting fu n c tio n  w = ^ /s ir£ > 5 the l a t t e r  produced an improvement of
0 .1$  compared w ith  0 .6$  w ith  the form er. This in d ic a te d  th a t  i t  would
have been more p ra c tic a b le  to  use th i s  w eighting fu n c tio n  in  th re e -
dim ensional c a lc u la tio n s .
D ifference Syntheses
The use of d iffe ren ce  maps based on F o u rie r c o e f f ic ie n ts  (| F | -  | F | )•o c
cosa and ( |F  | — | F j ) s ina  was attem pted b u t the  r e s u l t s  were found to  be o c
r a th e r  d i f f i c u l t  to  in te r p r e t .  Peaks on the  se c tio n s  appeared in  p o s itio n s  
where atoms had a lread y  been p laced  and negative reg ions appeared where no 
atoms had been p o s itio n ed . P a r t o f th i s  could be a t t r ib u te d  to  th e  f a c t  
th a t  in d iv id u a l a n iso tro p ic  tem p era tu re -fac to rs  o f th e  atoms were no t 
employed. F ig s . 26 ? 27 dem onstrate the d iffe ren ce  syntheses computed fo r
the sec tio n s  *yf « 0 .0  and !y » « 0.1875 when the r e l i a b i l i t y  f a c to r  was 23$* These
may be compared w ith  F ig s. 2 8 * 29 which rep re sen t the  se c tio n s  of the 
e le c tro n  d e n s ity  computed a t  the same fy* h e ig h ts  when th e  E f a c to r  was a t  
i t s  minimum of 18$ in  th i s  in v e s tig a tio n . Although the  atomic co o rd in a tes  
a t  E = 18$ were not id e n tic a l  w ith  those employed in  the  d iffe re n ce
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syntheses} they  w ere, however, q u ite  s im ila r  to  those  f in a l ly  ob ta ined .
This method had p rev io u sly  been attem pted fo r  the h0£ p ro je c tio n , as 
mentioned e a r l i e r ,  and was no t h e lp fu l during the e a r ly  s tages of the 
refinem ent although in  the f in a l  s tag es  (R ■* 22$) i t s  a p p lic a tio n  d id  
produce an improvement in  the atomic co o rd in a tes . Beyond th i s  s tag e , 
however: the method of le a s t  squares was more su ccessfu l and the d iffe ren ce  
F o u rie r technique was not fu r th e r  employed.
C orrections ap p lied  because of high ncu t o f f 11
Although i t  was not considered  l ik e ly  th a t  the coo rd ina tes  so f a r  
deduced had the re q u is i te  accuracy, an attem pt was made to  c o rre c t the 
coo rd ina tes  by a method o f b a c k -sh if t  c o rre c tio n s  suggested by B u e rg e r^ , 
This tak es in to  account the experim ental te rm in a tio n  o f  the recorded  
in t e n s i t i e s i  th i s  was mentioned e a r l i e r  as a p o ssib le  cause of a r in g  of 
peaks around the p o s it io n  of the heavy atoms. Although th i s  e f f e c t  i s  most 
obvious fo r  the iod ine  atoms, i t  w i l l  occur on a sm aller sca le  fo r  the 
rem aining l ig h te r  atoms in  the s tru c tu re  and subsequently  a f f e c t  t h e i r  
c o rre c t lo c a tio n s . Although the f in a l  refinem ents were made by le a s t  
squares c a lc u la tio n s , the r e s u l ta n t  th ree  dim ensional e le c tro n  d en s ity  
d is t r ib u t io n ,  c a lc u la te d  when R » 19$ , was su b jec ted  to  the b a c k -sh if t  
technique in  the hope o f o b ta in in g  a fu r th e r  improvement. For t h i s  
purpose, a th ree-d im ensional e le c tro n  d en s ity  d is t r ib u t io n  was c a lc u la te d  
u s in g  | F | as c o e f f ic ie n ts  in s te a d  o f F I. This d is t r ib u t io n  should enable
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the  deduction of the coo rd ina tes  employed in  the  c a lc u la tio n  to  he made. 
However, due to  the  a r t i f i c i a l  te rm in a tio n , they  d i f f e r  by an amount A x , 
l \ 7 n> f o r  each atom n . This e r ro r  i s  then su b trac ted  from the 
coo rd ina tes  deduced from the  |Fq J sy n th es is  and f in a l  c a lc u la tio n s  based 
o:? thi p{ method produced a r e l i a b i l i t y  f a c to r  o f 18$.
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S E C T I O N  I I I
RESULTS AND DISCUSSION
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The r e s u l t s  of the fo regoing  s tru c tu re  a n a ly s is  in d ic a te  th a t  the 
m olecular co n fig u ra tio n  o f d iosgenin  io d o ace ta te  corresponds w ith  th a t  
deduced by the chemical methods based on the degradation  o f d iosgenin  and 
r e la te d  sapogenins. Thus, the s tru c tu re  o f th e  s tab le  s te ro id a l  sapogenins 
corresponds w ith  the  proposed co n fig u ra tio n  a t  C T h i s  i s  i n  agreement 
w ith  the  statem ent of K ennard^ in  her x -ray  in v e s t ig a t io n  of d e r iv a tiv e s  
o f tig o g en in  and neotigogenin , as mentioned p rev io u sly .
Diosgenin has n o t a t  the p re sen t stage been ob ta ined  by chemical 
synthesis*  however, the r in g  F th io  co u n te rp a rt namely 
3p-hydroxy-20p-25a-23th io-5-furostene L has been sy n th esised  from 
pseudod iosgen in^  by re a c tio n  w ith  p -to luenesu lphonyl ch lo rid e  (F ig .30).
The lo c a tio n  of the oxygen atom in  the sp iro c y c lic  r in g  of 
d iosgen in  was accomplished a t  a f a i r l y  la te  stage in  the  refinem ent. For 
th i s  purpose a s e r ie s  of s tru c tu re  f a c to rs  were c a lc u la te d  w ith  carbon 
atoms only in  the  sp iro c y c lic  r in g s . In  bo th  asymmetric m olecules the 
h eav ie r peak had a s l ig h t ly  lower h e ig h t than  th a t  fo r  the  rem aining 
oxygen atoms in  the  s tru c tu re  bu t considerab ly  h eav ie r than  f o r  the 
corresponding carbon atoms. When oxygen atoms were then  p laced  in  t h i s  
p o s it io n  th e i r  peak h e ig h ts  were s im ila r  to  those  fo r  o th e r oxygen atoms 
in  th e  s tru c tu re .  This f a c t  was taken as confirm ation  of the  p o s it io n  of 
t h i s  oxygen deduced chem ically .
L-
S»—
r o
CM
C7>
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59An exam ination of the io d o ace ta te  o f L, prepared  by Dr, F.C. Uhle , was
attem pted w ith  the hope of c o r re la t in g  the c ry s ta l  s tru c tu re  w ith  th a t  of
d iosgenin  io d o a c e ta te . However, the sample which was rece iv ed  d id  not
co n ta in  c ry s ta ls  which were p a r t ic u la r ly  su ite d  to  x -ray  exam ination and
the amount of m a te ria l was so small th a t  r e c r y s ta l l i s a t io n  was not
p ra c t ic a b le .  The c ry s ta ls  which were ob tained  were examined o p t ic a l ly  and
showed a tendency to  c r y s ta l l i s e  as hexagonal p la te s?  th e  o p tic a l  f ig u re s
were extrem ely poor although sev era l o f the c r y s ta ls  appeared to  show a
s l ig h t ly  o ff-c e n te re d  u n ia x ia l b asa l sec tio n  when viewed p erp en d icu lar to
the c ry s ta l  p la te s .  An attem pt was made to  o b ta in  x -ray  photographs of
sev e ra l c ry s ta ls  b u t the re f le x io n s  were so weak th a t  they  were alm ost
lo s t  in  the background ra d ia t io n  and i t  was im possible to  proceed fu r th e r .
I t  would be in te r e s t in g ,  however, to  attem pt to  o b ta in  some b e t t e r  c ry s ta ls
of th i s  m a te r ia l to  determ ine how d if f e r e n t  the c ry s ta l  s tru c tu re  i s  from
i t s  co u n te rp a rt w ith  oxygen in  r in g  F? the arrangement in  d iosgen in
io d o ace ta te  does not suggest th a t  th e re  would be any d i f f i c u l ty  in
accommodating sulphur in  p lace of oxygen in  t h i s  p o s it io n . A fu r th e r
in v e s tig a tio n  o f in t e r e s t  would be th a t  o f the two b rom o-derivatives o f
60tig o g en in  L I, and L II re c e n tly  rep o rted  by Kutney e t  a l  . One o f these
L II appears to  correspond w ith  the s tru c tu re  of iodo tigogen in  a c e ta te
XLVIII rep o rted  by K ennard^.
Also o f note i s  the c lose  s im ila r i ty  in  c e l l  dimensions o fd io sg en in
6 l 62io d o ace ta te  and those determ ined by D.M. Crowfoot 3 f o r  a -e rg o s te n o lL I I I
L III
diosgenin  io d o ace ta te  a -e rg o s ten o l
a = 12.53A a « 1 2 .1A
b = 6.16A b = 6 . l i
c .  35.86A c » 35 . S i
p = 92.0° p = 93.0°
S.G. P21 S,G. P21
n = 4 n * 4'
In  P ig . 31 the  (XZ) and (YZ) p ro je c tio n s  are i l l u s t r a t e d .  I t  i s  
in te r e s t in g  to  compare the r e s u l t s  o f the (IZ) p ro je c tio n  w ith  the  two 
p o s s ib i l i t i e s  suggested fo r  a -e rg o s ten o l shown in  P ig . 325 the  *Ar 
arrangem ent was considered  to  be most l ik e ly .
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In  F ig . 3 l(A )s the (XZ) p ro je c tio n  shows th a t  the m olecules r e la te d  
by the screw axes are so p o s itio n ed  th a t  each p a i r  of sym m etrically r e la te d  
m olecules i s  alm ost a complete s tru c tu ra l  u n it  in  i t s e l f .  There i s  very  
l i t t l e  overlap  o f asym m etrically  r e la te d  m olecules and thus th e  ac tu a l 
arrangem ent approximates to  th a t  of space group P2^ w ith  two m olecules per 
u n it  c e l l  and the *c1 dimension halved. In  fac t*  in  t h i s  p ro je c tio n  the 
asym m etrically  r e la te d  m olecules are r e la te d  by a tw o-fo ld  r o ta t io n  a t th e  
approximate p o in t fa* /2 9 xq x/ A  as shov/n in  F ig . 31 • The close s im ila r i ty  
between the m olecules in  the  asymmetric u n i t  i s  f u r th e r  in d ic a te d  by the 
correspondence between th e i r  in te rm o lecu la r  non-bonded d is ta n c e s .
The th re e  dim ensional models are  shown in  F igs. 33? 34? viewed a t  
r ig h t  angles to  th e  XZ and YZ p lanes re sp e c tiv e ly . The two asym m etrically  
r e la te d  m olecules have the same co n fig u ra tio n  w ith  the excep tion  o f the 
io d o ace ta te  groups. F ig . 35 shows d iagram m atically  the  d iffe re n c e  between 
th ese  two o r ie n ta tio n s  fo r  th e  same m olecular o r ie n ta tio n  in  th e  two 
asym m etrically r e la te d  molecules#
C*—- C
\
fb != 1
0
F ig . 35-
V / - .
/

From a comparison of t h i s  s tru c tu re  w ith  o th e rs  which have heen determ ined 
c ry s ta llo g ra p h ic a lly  one would no t have expected such a d iffe ren ce  in  
m olecular arrangement in  the  c ry s ta l .  I t  i s ,  however, con tingen t upon the  
deduced s tru c tu re  and ex p la in s  the f a c t  th a t  asym m etrically r e la te d  
m olecules, s im ila r ly  o r ie n te d  w ith  iod ine atoms a t  approxim ately the same 
!y f h e ig h ts , have th e i r  general p lan a r d is t r ib u t io n  a t  considerab ly  
d if f e r e n t  fy* h e ig h ts  w ithout any apparent change i n  the t i l t  of the 
m olecule as a whole.
Of the two le a s t  squares refinem ents attem pted on M ercury1, 
u s in g  in d iv id u a l is o tro p ic  tem perature f a c to rs ,  the second, u n fo rtu n a te ly , 
was unsuccessfu l in  producing re f in e d  param eters and tem perature f a c to r s .  
The in d iv id u a l iso tro p ic  tem perature fa c to rs  ob ta ined  from th e  f i r s t  
refinem ent are in s u f f ic ie n t ly  accu ra te  to  be regarded  as r e l ia b le  
e s tim a tes  of th ese  tem perature f a c to rs  and they  are  not rep o rte d . 
U nfo rtunate ly , i t  was f in a n c ia l ly  im possible to  o b ta in  any f u r th e r  
refinem ents on !M ercury! and the  use of S i r i u s 1 fo r  such a problem was 
im p ra c tic a b le .
I t  was o r ig in a l ly  decided th a t  the  re fin em en ts , in c lu d in g  
in d iv id u a l is o tro p ic  tem perature fa c to rs ,  would produce th e  f in a l  r e s u l t s  
rep o rted  here . However, the f i r s t  of these refinem ents produced a 
decrease o f 2$ in  the r e l i a b i l i t y  fa c to r  from 24$  to  22$ and in  th e  hope
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th a t  i t  might be p o ssib le  to  improve th is  value fu r th e r ,  severa l le a s t  
squares refinem ents on 1 S irius*  were attem pted using  an average is o tro p ic  
tem perature f a c to r .  The refinem en ts , however, were considerab ly  slower than 
those on *Mercury* and when a value of R a 191° was reached, i t  seemed 
im p rac ticab le  to  continue w ith  the  f a c i l i t i e s  av a ila b le  since th e  use of 
the  in d iv id u a l is o tro p ic  tem perature f a c to rs  was precluded.
The f in a l  values of the r e l i a b i l i t y  f a c to rs  deduced are as showns-
Rh0£
Ra  _-£ .» o •. 20^
Ehk I  •••*• l8 $
The in te ra to m ic  d is ta n c e s  and bond an g les , deduced from th e  f in a l  
co o rd in a tes  Table 3 are l i s t e d  fo r  the asym m etrically r e la te d  m olecules in  
Tables 4 and 5» These are a l l  c lose to  the values expected fo r  such an 
arrangem ent, the  averaged values are shown in  F ig s . 36 and 37* Table 6 
shows some in tram o lecu la r non-bonded d is tan ce s  fo r  bo th  m olecules and the 
c o r re la t io n  between the  m olecules, even where c o n fig u ra tio n a l d iffe re n c e s  
e x i s t ,  suggests th a t  the r e s u l t s  deduced are  an accep tab le  estim ate  o f the 
atomic p o s itio n s  in  th e  u n it  c e l l .
o
The ro o t mean square d ev ia tio n s  areQ06A fo r  the bond len g th s  and
o 5714 fo r  the bond angles . For the  averaged dimensions th ese  may be
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r— 0  Qd iv id ed  by a /2 which g ives Q.04A and 9 as e s tim a tes  of the  s tandard  
d e v ia tio n s . Table 7 con ta in s a sample of in te rm o lecu la r co n tac ts  which 
have been c a lc u la te d , none of v/hich appears to  be abnormal, the c lo se s t  
approach being between and which occurs between the two 
sp iro c y c lic  r in g s  o f ad jacen t m olecules which a re  th e  asy m m etrica lly  
re la te d  m olecules. Table 8 l i s t s  the values of |Fq( , and |.Fo j f o r  a l l  
p lanes observed.
F ig . 36 Averaged in te ra to m ic  d is ta n c e s .
F ig . 37 Averaged bond a n g le s .
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TABLE 3 
Atomic Coordinates
Molecule A Molecule B
X y z X y z
I 0.971 0 ,3 3 1 0.2042 O.929 0 .2 4 0 0.6917
0.289 0 .0 5 0 0.8300 0.300 0 .2 3 5 0.3353
°2 0.393 0 .8 7 5 0.8034 0.425 0 .0 7 5 0.2950
°3 0.122 0 .8 3 6 0.1430 0.133
0 .0 8 5 0.6317
°4 0.102 0 ,4 8 6 0.1354 0.062 0 .6 8 7 0.6367
C1 0.322 0 .0 1 8 O.O664 0.321 0 .2 3 7 0.5632
C2 0.268 0 .8 4 0 0.1002 0.275 0.126 0.5967
°3 0 .1 7 0 0 ,8 3 7 0.1080 0.163 0 ,1 2 9 0.6018
C4 O.O76 0 .9 2 1
0 .0 7 5 0 0.087 0 .1 9 5 O.5 7 6 8
°5
0 .1 1 7 0 .9 9 9 0 .0 4 1 6 0 .1 2 8 0 .2 1 5 0.5331
C6 0.062 0 .0 5 0 O.OO56 0.077 0 .0 0 7 0.5103
°T 0.113 0 .0 5 8 0.9717 0.113 0.133 0.4733
C8 0.230 0 .0 8 7 0.9712 0 .2 1 8 0,224 O.4667
C9 0.305 0 .9 8 9 0.0008 0.297 0.234 0 .5 0 0 0
C10 0 ,2 4 2 0 .0 5 9 0.0333 0.231 0.257 O.5 3 8 2
Cl l 0 . 4 0 0 . 0 .2 5 8 O.9 9 6 9 0.396 0,333 O.4 9 2 6
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TABLE 3 (C ontd.) 
Atomic Coordinates
Molecule A Molecule B
X y z X y z
C12 0.433 0 .0 4 2 0 ,9 6 0 0 0.430 0 .1 8 8 0 .4 6 1 7
C13 0.367 0 .9 8 3 0 .9 2 5 0 0.383 0 .2 5 8 0 .4 2 6 7
°14 0.264 0 .9 9 4 0.9299 0.281
0 .1 9 6 0 .4 3 3 6
C15
0.200 0 .0 7 9 0 .8 9 1 2 0 .2 0 5 0 .1 7 0 0 .3 9 7 4
C16 0.287 0 .0 3 2 0.8660 0.295 0 .1 3 0 0 .3 7 8 6
C17 0.395 0.006 O.8847 .0 .4 0 0 0 .1 3 8 0 .3 8 9 3
C18 0.244 0 .3 1 8 0.0383 0.206 0 .5 0 0 0 .5 3 5 1
C19
0.363 0 .2 4 2 0.9233 0.367 0 ,5 0 0 0 ,4 2 5 0
c20 0.451 0 .0 3 2 0.8600 O.465 0 .3 0 0 0 .3 5 7 6
C21 O.56O 0 .9 8 6 O.8546 0.567 0 .1 9 3 0 .3 5 5 6
°22 0 .4 0 0 0 ,0 9 0 0.8258 0.420 0 .2 4 2 0.3208
C23 O.4 1 9 0 ,3 0 1 0.8000 0.392 0 .4 5 0 0.3032
C24 0.365
0 .2 5 0 O.7664 0.334 0 .4 1 7 0.2718
C25 0.367
0 .0 0 8 0.7384 0.350 0 .2 9 2  • O.2 4 6 6
C2 6 0.367 0 .8 3 4 0.7667 0.362 0 .0 9 2 0.2667
c27 0.333 0 .9 5 0 O.6998 0.317 0 .2 5 8 0.2086
o
ro CO
0.080 0 .6 6 7 0.1533 O.O85 0 .9 4 2 O.645O
C29 0.021 0.662 0.1959 0 .0 3 0 0.979 0.6818
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TABLE 4
o
In te ra to m ic  D istances A 
Molecule A» Molecule B.
C1 - C2 1 .5 0 1.51
C2 - C3 1.41 1.42
°3 " °4 1 .6 9 1 .3 6
C3 “ °3 1.41 1.38
C4 “ °5 1 .4 0 I .6 4
C5 - C10 1.47 1.32
°5 " C6 1.53 1.63
C6 - V 1.39 1 .6 2
C? - C8 1 .4 8 1 .4 6
C8  “ °9 1 .5 2 1.53
°9 - C10 1.53 1.63
IO1—1
O
C1 1.59 1.42
IOcT* CO1 —1
O
1 .6 1 1.53
cn " C9 1.54 1.42
cn - C12 1.54 I .5 0
0 j—1 ro
1
C13 1.51 1.43
n
1 3  " C19 1.60 I .5 0
C13 " °14 1.31 1 .3 6
Average
1.51
1.42
1.53
1.40
1.52
1.40
1 .5 8
1.51
1.47 
1*53
1.58 
1.50 
1.57
1 .4 8
1.52 
1.47 
1.55 
1 .34
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TABLE 4 (Contd.)
0In te ra tom ic  D istances A
Molecule Ao Molecule B,
►
P 1 o cx> 1*66
CH  '  C15
1*66
C15 “ ° l  6 1 .3 6
C16 " C17 1 .36
°17 “ °13 1.53
°17 “ C20 1 .46
0
 
ro
 
o
1 o ro M 1 .41
cvjCM
oIoCM
o
1 .41
°22 “  °1 1 .30
°1 - C16 1 .69
C22 " C23 1.61
°23 -  C24 1 .53
LO,
CM
o1CM
O
1 .69
C25 “ C27 1.48
°25 ” °2 6 1 .48
C26 -  °2 1 .37
Average
1 .46 1 .5 6
1 .59 1 .63
1 .5 9 1 .4 8
1.51 1 .4 4
1 .5  5 1 .5 4
1 .70 1 .5 8
1 .4 4 1 .43
1.46 1 .4 4
1 .69 1 .50
1 .54 1 .62
1.47 1 .5 4
1 .3 3 1 .43
1 .54 1 .6 2
1.43 1.46
1.43 1.46
1.27 1 .32
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TABLE 4 (Contd .)
0In te ra to m ic  D istances A
Molecule A. Molecule B. Average
°2  "  C22 1,55  1,39  1,46
C28"  °3 1,59 1,18 1,39
C2g~ 0 1 .5 0  1 .34 1.42
C29~ C28 1,68 1,53 1 ‘ 61
C „ . - I  2.16 2.08 2.12
< - 7
-  112 -
Bond Angles (Degrees)
Mole- Mole- Mole- Mole-
cule
A
cule
B
Average cule
A
cule
B
Average
I-C 29“ C28 106 124 115 v c7- c8 120 130 125
C29-C28''04 121 119 120 c7- c 8- c 9 122 117 120
V C28-°3 118 103 111 v y y 95 109 102
°3 "C28~°4 119 138 129 y cio - c5 133 114 124
C28-°3-C3 109 136 123 y y - y 98 96 97
°3 -C3 -C2 125 120 123 ci o - y c6 107 129 118
° 3 -C3"C4 i l l 113 112 C1- C10-°X8 96 107 102
C10"C1 -C2 115 103 109 ci o - y cn 113 126 119
C1 -C2~C3 126 120 123 v y y 105 127 116
C2 -C3 -C4 116 127 122 C8 -C14- C13 106 131 119
C3-°4-°5
115 115 115 C8 - V C15
120 111 116
V C5 - C10 120 103 112 C22-0 2_C26 131 115 123
C4 -C5"C6 133 105 119 C14_C13“ C12 96 97 97
C5-Cio -Ci 117 135 126 CI 4 - C13-C19 98 99 99
C5" C10_C18 104 107 106 C13_C14_C15 111 115 113
c5- c6- c7 123 105 114 C13-C12-CH 130 110 120
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TABLE 5 (C o n ti,)
Bond Angles (Degrees)
Mole- Mole- Mole- Mole­
cule cule Average cule cule Average
A B A B
ci 2 - cn " c9 93 99 96 C16 - ° 1 - C22 102 126 114
cn - y c 8 98 115 107 °1“ C22~C20 105 95 100
y v y 108 107 108 C22~C20~C21 110 99 105
C12~C13"C19 89 113 101 C22~C20~C17 109 106 108
C12-C13~C17 133 123 128 C17-C20-°21 123 102 113
c14“ C1 5 'C16 9 6 99 98 C20- C2 2 -°2 104 136 120
C1 5 'C16~C17 115 106 111 °1‘“C22“ C23 112 99 106
c15- c l 6“° l 112 104 108 C22-°23-C24 127 110 119
C16-C17-C13 112 106 109 C23~C24“ C25 138 129 134
C16 -C17_C20 103 108 106 C24~C25"“C27 136 139 138
C17~C13-C14 100 108 104 W C26 103 101 102
CI7~C13"C19 93 117 105 °27-'C26-°2 121 118 120
c17_Cl6 " ° l 112 97 110 C26“‘°25“ C27 117 112 115
C13-C17-C20 104 113 108
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TABLE 6
Some In tram o lecu lar Uon-Bonded D istances
Molecule A Molecule B Average
Z - ° A 4.29 4.30 4*30
i - o 3 3.16 3.53 3.35
1 - °4 5-43 5.65 5.57
1 “ C28 3.11 3.20 3.16
V C4 4.H 3.81 3.96
°3-C4 2.54 2.14 2.34
°3- C5 3.77 3.61 3.69
V C1 3.85 3.59 3.72
V °2 2.51 2.22 2.37
V C23 2.0 6 2.38 2.22
°1" Cl5 2.50 2.59 2.55
°l- C13 3.54 3.41 3.48
°2~ C23 2.55 2.37 2,46
°2~ °20 2.73 2.32 2.53
C29~C3 3.87 3.49 3.68
°29~ °2 4.83 4.50 4.67
C29~ C4 4.69 4-18 4.44
C28-C3 ' 2.27 2.19 2.23
C28" c2 3.26 3.20 3.23
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o
Some In tram o lecu la r ITon-BoncLed D istances A
Molecule A Molecule B Average
c2 - c9 3.73 3.55 3.64
C2 -  C18 3.69 3.29 3.49
C4 ” c6 2.61 2.65 2.63
C1 '  C18 2.31 2.37 2.34
C1 " C9 2.36 2 .2 8 2.32
Cl  " °11 3.09 2-79 2.94
i—1 r-t
o1o 1—1 
o
2 .7 0 2.72 2.71
°9 ~ C19
3.29 3.29 3.29
°9 -  °13
2.85 2.88 2 .8 7
c8 ~ C15 2.88 2 .5 1 2,70
Cl l~  °19 2.67 2.65 2.66
C12~ C1T 2.73 2.63 2.68
C12“ C20 3.60 3.84 3.72
V  C2l 3.88 4 .O6 3.97
C19“ C20 2.87 3.01 2.94
C13“ °1 3.54 3.41 3.48
C21“ °22 2.31 2.21 2 .2 6
C21~ °23 2.82 2.85 2 .8 4
°2r  °2 3.24 3.25 3.25
°2Q~ °23 2.34 2.67 2.60
TABLE 7
x ,y ?z |  1-•x ,l /2 + y ,l-z
c2T(b ) - 02(a ) 4.36
c27(b ) - C23(A) 3.74
c27(b ) - c21( a) 3-12
c21(B) - ° 4 (b ) 4.65
c21(B) - 03 (3) 4.48
1I—100
0
c28(b) 4 .6 2
c2 i (B) - c3(b ) 4.54
C21(B) - c4(b ) 5.77
c21(B) - C2(b ) 3.70
c? (B) - Cg(B) 3.38
Cg(B) - c6(b ) 3.70
0 J—1 I—1
1 CXi(B ) 4 .O6
3.45 
3.81 
2.86 
4.24 
4-53 
4 « 66 
4-20 
5.79 
3.43
3 .8 4
3.47
Cn (A) -  Cn (A) 3.97
o
Some In te rm olecu lar Id s tan ces. A
X?y 3Z; l - x 9l/2 + y ?l'
0 2 7 ( A ) -  o2(b )
c27(a ) c23(b )
c2?(a)
-  C2 l W
c21(a) -  V A)
c21(a) -  o3 (a)
0 2 1 ( a ) -  C28W
C2l(A ) -  c3 (a)
c21(A) "  C4 (A)
c21(a ) c2(a )
c7(a )
C,(A) -  °«(A)
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TABLE 8
Observed and C alcu lated  S tru c tu re  F acto rs
I !Fol IF  | 1 cl
2 27 56
4 25 29
5 10 6
6 102 115
7 32 24
8 117 118
9 41 52
10 104 126
11 46 55
12 108 109
13 32 30
14 36 38
15 21 23
16 33 48
17 42 44
18 78 106
19 57 61
I lFoi i Pcl
20 64 62
21 40 45
22 24 23
24 25 3
25 25 20
26 36 31
27 28 27
28 35 10
29 39 42
30 32 33
0 97 97
1 31 32
2 11 7
-2 134 134
3 14 11
4 78 90
-4 89 100
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Observed and C alcu lated  S tru c tu re  F acto rs
I |Fo| h i h k  I f Fo | If1 C
5 17 21 17 60 52
-5 9 10 -1 7 36 39
6 168 179 18 37 36
-6 22 24 -1 8 111 115
7 63 67 19 67 71
-7 28 35 -19 47 62
8 139 148 20 39 52
-8 58 47 -2 0 38 36
9 77 73 -21 31 36
-9 38 39 22 23 18
10 74 74 -23 24 14
-1 0 149 155 24 27 30
11 47 59 26 17 11
-11 39 43 28 15 9
12 58 54 2 0 0 28 27
-1 2 137 145 1 34 45
-13  . 36 30 -1 35 39
15 45 38 2 297 323
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TA3LE 8 (Contd.)
Observed and C alculated Structure Factors
i lFol iFci h k  £ lT ci
-2 44 61 -15 27 20
4 60 60 16 45 57
-4 76 91 -16 46 30
5 67 70 17 58 71
-5 11 7 18 80 94
6 185 187 -1 8 65 48
-6 57 43 19 52 74
7 82 95 -19 29 29
-7 12 6 20 46 52
8 119 136 -2 0 56 54
- 8 65 54 -21 39 30
9 75 86 -2 2 29 44
10 48 65 -2 3 30 31
-1 0 125 137 -2 4 25 16
-11 30 38 28 33 16
-1 2 153 156 0 0 167 186
-1 4 118 116 1 18 7
15 51 60 -1 54 49
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TABLE 8 (ContA.)
Observed and C alculated Structure Factors
h  k  e P o l P c i h k  £ !Fo! IF I c
2 93 84 13 34 42
-2 194 201 14 18 18
-3 44T r 26 -1 4 162 140
4 15 15 15 58 66
-4 176 194. 16 69 69
5 83 88 -1 6 55 31
-5 45 31 17 67 80
6 159 189 18 35 26
-6 208 219 19 49 40
7 99 111 -21 25 21
-7 19 3 -2 2 56 56
8 166 188 23 23 23
9 60 79 -2 3 29 29
10 87 76 -2 4 57 53
-1 0 112 113 25 42 40
11 9 1 00 45 64
12 144 133 -1 45 52
-1 2 120 115 2 14 15
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TAMxHI 8 (Contd.)
Observed and C alculated Structure Factors
4, I'd lFcf h k t F 1 1 ol Pol
-2 33 15 -1 4 50 53
3 42 36 15 66 77
-3 43 43 -16 47 44
4 95 98 17 55 55
-4 125 109 -18 27 14
5 80 81 -20 35 35
-5 51 61 -21 25 17
6 a? 87 -22 33 31
-6 63 43 -23 17 7
7 77 91 -24 47 41
8 65 72 5 0 0 15 7
9 44 44 1 22 19
10 12 10 -1 19 19
-10 54 55 2 • 32 34
11 17 17 -2 60 85
12 13 1 3 63 73
- 1-2 90 84 -3 42 55
13 56 63 4
-  4
60
119
56
139
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TABLE 8 ( C ontd.)
Observed and C alculated Structure Factors
h k I lFol !Fc| h k Z | j y ! F f1 c!
5 73 75 -20 18 15
-5 54 65 -22 47 39
6 41 39 -2 4 32 32
-6 99 115 6 0 0 85 80
7 61 70 1 49 55
-7 24 29 -1 29 29
10 50 39 2 39 40
-10 66 49 -2 61 78
11 32 33 3 67 76
-11 30 30 -3 46 32
12 27 18 4 32 32
-12 72 85 -4 63 57
13 57 71 5 61 64
14 89 90 -5 61 55
-14 59 68 -6 114 111
15 69 74 7 30 42
- 1-6 63 60 -7 55 51
-18 38 33 8 39 39
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TABLE 0 (Con fcd o)
Observed and C alculated Structure Factors
I K \ l p c | h k  £ l Fo i l FJ
-8 93 96 . 4 36 52
-9 22 16 5 53 52
11 49 53 -5 44 53
12 39 28 6 26 19
-1 2 29 15 -7 40 45
13 58 69 - 8 46 25
14 17 17 -9 25 18
-1 4 54 54 -1 0 49 32
15 39 57 13 53 58
-16 61 57 14 11 1
-1 8 44 50 -14 39 28
-2 0 15 3 15 35 32
-22 25 33 -1 6 45 38
0 20 21 -1 8 65 54
1 46 48 -2 0 14 5
-1 22 12 8 0 0 27 26
2 21 29 1 60 69
3 58 58 -1 28 29
-  124 ~
T.A3LE
Observed and Calculated Structure Factors
&w !FJ !Fc l h k Fo 1 F1 cl
2 33 44 -6 21 10
3 49 61 -7 29 22
-4 30 34 -9 36 34
-5 28 42 10 29 21
-6 39 60 -10 33 39
-7 20 1 n 35 30
-8 23 29 - l i 29 23
-16 44 41 13 29 20
-18 26 17 10 0 1 29 23
-20 39 32 -1 31 30
0 19 16 -2 28 18
1 46 51 -3 22 6
-1 37 38 0 1 1 114 166
2 16 11 2 75 81
-2 21 20 3 35 57
3 33 35 4 115 131
-4 11 1 5 58 58
-5 18 7 6 150 178
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TABLE 8 (Contd .)
Observed and C alculated Structure Factors
h k 4 If  |1 0 J l Fci h k  I !p0 i | F I J cl
7 33 38 2 195 241
8 9 6 96 - 2 33 22
9 41 58 3 77 81
10 57 55 -3 22 20
11 35 30 4 78 99
12 75 81 -4 155 185
13 5.1 64 5 78 93
14 95 109 -5 12 20
16 51 56 6 100 134
17 44 46 - 6 167 186
18 39 36 7 54 56
19 27 23 -7 32 41
22 28 33 8 51 60
23 42 41 - 8 74 101
24 31 29 9 38 15
25 45 38 -9 48 64
1 1 0 180 213 10 51 66
1 101 150 -1 0 33 38
Observed and C alculated Structure Factors
h k Z | F j I F [ h k -C | F | 1 K'1 01 1 cl 1 ol c
11 35 50 20 24 35
-11 51 60 -20 20 16
12 84 91 21 40 43
-12 38 52 22 11 20
13 58 70 -22 3T 2T
-13 46 35 23 48 35
14 T9 89 -23 44 32
-14 65 6T -2 4 46 42
15 48 66 25 53 40
-15 3T 2T -25 29 40
16 49 39 26 31 IT
-16 T2 84 -26 24 22
IT 41 35 2T 25 18
-IT 38 39 28 33 24
18 2T 23 -2 8 24 15
-18 5T 45 29 36 19
18 11 30 26 14
-19 33 42 2 1 0 1T0 19T
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TABLE 8 (ContdQ 
Observed and Calculated Structure Factors
h k € i F }1 o f »Fci h k I i Fo! lFcl
1 94 85 10 83 77
-1 33 14 -10 35 51
2 138 157 11 78 88
-2 67 75 -11 40 27
3 32 45 12 45 31
-3 61 78 -12 52 56
4 108 122 13 61 73
-4 80 94 -13 58 49
5 39 57 14 50 77
-5 38 51 -14 30 30
6 35 35 15 61 58
-5 132 136 -15 19 22
7 68 81 1^ 44 45
-7 26 14 -16 86 85
8 50 51 17 21 23
-8 125 149 -17 66 54
9 22 30 18 29 29
-9 • 35 28 -18 67 56
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TABI-E
Observed and Calculated Structure Factors
i |F  I• o f l FJ h k Z l Fol |F j' O'
19 33 48 1 73 113
-19 26 17 -1 58 87
-20 41 40 2 109 126
21 39 46 -2 50 59
-21 21 16 3 74 83
23 32 30 -3 32 50
-23 22 14 4 93 101
24 31 17 -4 57 74
-2 4 32 30 -5 40 36
-25 28 28 6 11 8
26 23 10 -6 115 123
-26 34 30 7 54 75
-27 27 27 8 25 41
28 24 13 -8 115 126
-28 28 13 9 44 57
29 26 16 -9 37 48
0 128 124 -10 66 66
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TABLE) 8 (C o n ti.)
Observed, and C alculated Structure Factors
I |F  j ' o ' K t h k 1 l Foi IF I 0
11 74 90 21 39 58
-11 49 43 22 22 20
12 67 83 23 37 37
- 1 2 46 38 . 24 23 12
13 50 60 -24 23 12
-13 19 22 -25 38 24
14 39 45 -26 34 25
-14 55 53 -27 25 16
15 33 32 -28 37 23
-15 20 20 -30 27 11
16 35 22 4 1 0 117 130
-16 51 65 1 66 62
17 28 22 - 1 59 43
- 1? 42 31 2 87 95
18 20 13 -2 57 68
-18 73 82 3 44 43
19 42 37 -3 58 43
-20 43 43 4 41 48
TABLE 8 (Contd.)
Observed and C alculated Structure Factors
h k % I f  1 | F | h k K 1 F 1 I F1 O' P o 1 » c
-4 14 13 14 57 47
5 18 27 -14 40 20
-5 26 40 15 20 21
6 24 20 -15 29 28
-6 109 111 16 27 13
7 57 62 -16 57 57
-7 49 38 17 31 19
-8 102 98 -18 72 76
9 47 48 19 48 53
-9 29 17 -20 62 50
10 51 62 21 46 44
-10 91 101 -21 23 23
11 50 56 23 32 23
-11 28 23 -24 16 15
12 77 62 -25 23 14
-12 70 69 -26 34 25
13 69 88 -27 25 18
-13 20 21 -28 26 13
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TABLE 8 (Contdo)
Observed and C alculated Structure Factors
€ 1 F t (P  I1 ol 1 0 !
-2 9 26 12
-3 0 29 19
0 78 92
1 75 79
-1 71 60
2 59 72
-2 103 101
3 28 33
4 33 31
-4 17 17
5 13 6
s 46 38
6 37 37
-6 36 37
7 55 68
8 45 58
-8 61 62
9 64 82
J | f  j 1 0 * i Fc
~9 27 39
10 41 40
-10 87 88
11 50 51
-11 28 28
12 27 19
-12 63 61
13 30 30
-13 31 . 19
14 30 21
-14 34 26
-15 13 7
16 22 21
-1 6 50 37
17 36 45
-17 17 8
-1 8 66 57
19 46 55
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TABLE 8 (Contd.)
Observed and C alculated Structure Factors
I i F j | F ( h k  € I f  I ! F io' 1 cf ' o f c 1
-20 50 41 3 29 38
21 35 35 -3 55 63
-21 23 17 4 18 18
-22 33 26 -4 20 29
24 25 17 5 36 27
-24 17 3 -5 36 30
25 21 16 6 46 49
26 21 7 -6 18 18
-2 6 29 14 7 59 72
27 30 21 8 39 49
-2 8 23 23 -8 39 48
-29 21 13 9 65 79
-30 21 12 -9 33 31
0 55 69 10 25 33
1 64 72 -10 60 68
-1 39 46 11 32 35
2 54 55 -11 41 26
-2 63 75 12 20 17
Observed and C alculated Structure F actors
| F I 1 o' F j 1 cl
-12 68 68
-13 24 26
-14 45 29
-16 23 21
17 43 43
-17 29 20
-18 44 37
19 38 40
-20 61 42
21 25 24
22 22 12
-22 35 27
0 44 41
1 39 34
-1 45 45
2 34 31
-2 39 36
3 11 15
I K J l Fcl
-3 44 39
4 28 21
-4 52 62
5 38 38
-5 28 23
6 26 35
7 55 62
-7 22 22
-8 43 29
9 52 57
-9 41 39
10 30 27
-1 0 59 56
- l i 29 21
-12 52 55
-13 22 17
-1 4 31 31
-16 19 19
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TABLE 8 (Contd*)
Observed and C alculated Structure Factors
i l Fot i Fcl h k -I l Foi ! FJ
17 43 31 9 48 48
-17 31 14 -9 22 17
19 34 25 10 32 21
-20 34 27 -10 36 25
-22 44 26 -11 32 29
-2 4 26 17 —12 46 39
0 36 29 13 34 25
-1 34 37 -13 15 23
2 22 14 -14 33 22
3 26 27 15 36 36
-3 51 52 -15 24 15
-4 37 32 -16 40 23
5 32 30 -17 13 5
-5 45 45 -1 8 25 20
-6 43 36 -20 25 17
7 43 48 9 1 3 33 27
8 22 16 -3 47 42
-8 17 19 5 42 38
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TABLE 8 (Contd.)
Observed and C alculated Structure Factors
i ! pol iFcl h k -£ | f  |1 o' P c!
-5 33 32 -17 26 18
-6 23 16 -18 16 17
T 38 27 -21 12 11
-7 24 21 -22 25 18
8 14 9 -23 8 4
-8 18 3 -25 17 2
-9 18 13 10 1 2 17 12
10 20 12 -3 31 19
-10 18 18 4 17 8
-11 17 15 -5 35 30
12 21 16 6 32 10
-12 29 23 7 25 17
13 27 28 -7 33 15
-13 18 15 8 13 12
-14 34 23 9 21 6
15 28 28 11 12 6
-15 25 20 12 21 19
-16 14 14 13 21 23
-  136 -  
TABLE 8 (Contd.)
Observed and C alculated Structure Factors
h k I 1 p0 ! 1 F T1 o' h k f ! Foi 1 F i ' c*
-14 21 20 5 16 22
-15 21 13 6 48 33
-16 21 9 7 61 90
-18 12 7 8 34 34
-19 23 6 9 71 95
11 1 2 28 8 10 54 89
-2 21 9 11 38 27
3 21 23 13 58 48
-3 21 16 14 42 50
4 21 8 16 35 26
-5 29 24 . 17 43 45
-6 29 10 19 54 42
-7 29 14 20 46 47
0 2 0 74 98 1 2  1 68 60
1 119 135 -1 64 66
2 142 121 2 98 110
3 37 77 -2 109 110
' 4 38 57 3 65 82
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TABLE 8 (Contd.)
Observed and C alculated Structure Factors
t | f  j■ o' !Fci h. k -£■ | f  i1 O' l pc i
4 41 45 14 37 24
-4 48 39 -14 40 25
5 70 50 15 37 36
-5 70 70 -15 51 50
6 49 58 16 37 33
7 23 16 -1 6 37 32
-7 64 88 17 38 31
8 60 96 -17 54 40
-8 94 85 18 41 36
, 9 22 9 -1 8 43 49
-9 61 44 19 56 42
10 64 58 -19 41 31
-1 0 107 85 20 33 19
11 46 47 -20 43 42
-11 28 23 2 2 0 102 86
12 68 62 1 94 85
-12 89 79 -1 63 44
-13 38 59 -2 125 120
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TABLE 8 (Contd.)
Observed and C alculated Structure Factors
h k £ »Fol [F  |» O' h k -f. |F  I' 0 * IF 1 c
3 22 21 15 52 45
-4 65 72 16 55 48
5 72 71 -16 29 5
-5 75 74 17 43 45
6 65 71 18 54 35
- 6 40 18 -1 8 41 34
7 35 47 19 43 42
-7 83 82 -20 42 30
8 80 78 21 43 34
9 57 48 22 47 32
-9 56 42 3 2 0 70 70
10 61 60 1 46 49
-10 54 71 -1 29 42
12 45 31 -2 83 108
-12 76 76 3 57 64
13 34 23 -3 57 47
14 39 44 4 50 57
-14 74 68 -4 78 110
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TABLE 8 (Contd.)
Observed and C alculated Structure Factors
h k *£ tFoi I ' d h k  ( tFol 1 F* c
5 55 70 16 41 28
-5 28 28 -16 49 51
6 58 70 17 59 59
-6 38 54 4 2 0 48 27
7 57 76 1 50 50
-7 60 63 - ! 53 58
8 46 57 2 42 36
9 37 59 -2 72 62
-9 57 64 -3 67 60
-10 49 52 4 58 67
11 52 58 -4 66 70
12 53 36 5 63 55
-12 58 79 -5 34 41
13 51 39 6 69 55
14 58 29 -6 48 63
-14 44 59 7 61 68
15 40 39 -7 56 53
-15 69 52 8 48 45
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TABLE 8 ( C o n t d o )
Observed and C alculated Structure Factors
I |P  J 1 o+ 1 P 1' c' h  k -I l Fol l Fcl
-8 31 22 3 60 64
-9 50 51 -3 33 25
10 47 38 4 49 44
-10 41 25 “4 72 79
11 39 39 -5 62 62
12 35 24 6 39 51
-12 64 80 -6 53 53
13 43 54 7 64 60
-13 36 22 -7 49 43
14 39 31 8 37 36
-14 58 54 -8 39 43
15 54 37 9 30 19
-15 38 13 -9 51 47
-1 6 54 36 10 38 35
-19 56 34 -10 18 17
0 33 33 11 39 36
-1 75 68 -11 42 41
2 57 51 -12 43 45
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TABLE 8 (Contd«)
■MMur- »«a>— — idh«g*ca>— c b wi l .i wi
Observed and Calculated Structure Factors
I l Fol 1F j cl h k Z l Fol | f  I' cl
-14 47 53 7 2 1 42 34
15 59 53 3 42 36
0 48 35 0 3 1 42 46
l 43 58 2 29 41
-1 64 50 3 48 79
2 37 34 4 48 68
-2 32 35 5 19 37
3 51 52 6 71 94
4 39 39 7 54 51
-4 43 52 8 34 34
5 38 31 9 67 76
-5 41 45 11 43 52
6 42 47 12 36 45
-6 59 64 13 25 23
8 35 23 14 43 42
-8 43 45 16 25 18
10 22 24 18 29 18
12 33 20 19 29 29
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TABLE 8 (Contd.)
Observed and C alculated Structure Factors
t |F I If  I h k I If  I1 01 ' C' 01
20 32 20 8 25
24 37 19 -8 28
26 29 17 9 66
0 21 20 -9 38
1 87 106 10 49
-1 23 30 -10 30
2 48 63 11 39
-2 22 21 -11 43
3 27 22 12 49
-3 57 68 13 26
4 30 26 14 23
-4 50 73 15 30
5 29 34
16 46
-5 45 31
18 39
6 45 58 - 1 8 37
-6 44 59 19
28
7 48 74 -19 42
-7 40 37 20 30
F |cr
20
16
80
32
45
31
38
42
51
34
16
41
45
29
24
26
33
23
-  143 -
TABLE) 8 ( Contd.)
Observed and C alculated Structure Factors
h. k I I F |o' l Fcl h k & 1 F I' O' 1 Fci
-20 30 26 9 54 58
-21 33 33 -9 51 75
-23 33 24 10 36 53
2 3 0 41 62 -10 20 18
1 45 40 n 25 30
-1 65 80 - l i 53 57
2 48 44 12 26 34
-2 18 21 -12 30 18
3 22 21 13 27 35
-3 61 78 -13 45 34
-4 56 44 14 36 30
5 26 31 -14 25 18
6 35 37 15 30 34
-6 49 57 -15 45 37
7 35 33 16 38 31
-7 19 20 -16 41 42
8 41 41 17 27 12
-8 31 40 -17 27 18
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TABLE 8 (C ontd.)
Observed and C alculated Structure Factors
h k i l r 0 t lFcl h k t l p 0l
-18 30 30 -9 27
19 22 11 10 25
-19 28 22 -10 38
-20 30 16 -11 47
3 3 0 41 43 12 36
1 28 17 -12 34
-1 72 72 -13 50
2 58 71 14 38
-2 29 29 -15 47
-3 51 75 16 31
4 49 60 -16 48
-4 30 37 -17 27
5 51 51 18 26
-5 48 63 -18 40
6 38 46 20 43
-6 43 48 -21 46
8 30 21 4 3 0 24
• 9 45 33 1 28
F Icl
15
25
35
43
30
23
43
32
41
34
30
9
21
25
43
31
24
40
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TABLE 8 (Contd.)
Observed and C alculated Structure Factors
4 |F o l l Fc? h k I I f  j ! 0* l Fcl
-1 32 36 -21 27 18
2 44 43 5 3 1 22 13
-2 28 25 2 55 38
-3 39 40 3 23 22
4 25 29 -3 47 45
-4 22 23 4 39 46
5 53 40 -4 24 24
-5 43 35 5 34 32
6 39 47 -5 33 25
-6 21 18 6 33 47
-7 44 33 -6 23 11
9 27 30 7 29 29
11 30 35 -7 36 30
12 29 28 8 28 27
13 31 32 -8 31 39
-13 58 60 -10 38 36
14 31 39 11 39 32
16 31 31 12 27 19
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TABLE 8 ( Co n td .)
Observed and C alculated Structure Factors
h k l Fot l Fcf h k I f  i1 o' f Fcl
-1 3 45 34 -8 31 38
14 41 23 -9 27 17
-15 52 43 -10 28 28
16 32 28 -li 27 17
-16 25 10 -12 30 24
IT 31 22 -1 3 30 24
-18 36 23 -1 4 25 10
6 3 0 26 19 oo 44 50
-1 30 32 1 35 40
3 29 32 2 32 19
-4 28 24 3 37 45
5 38 34 4 35 20
-5 35 44 5 65 65
6 28 28 6 33 19
-6 27 18 7 56 40
7 27 23 8 32 26
-7 31 32 9 25 16
. 8 22 11 10 24 15
-  147 »
TABLE 8 (Contd.)
Observed and C alculated Structure Factors
h k i | f  i 1 0 * lFci h k I iFol lFcl
i i 29 27 1 21 33
12 29 22 -1 15 24
13 36 42 2 19 18
14 16 8 -2 16 22
1 4 2 10 9 3 38 48
-2 32 26 -3 23 24
3 28 46 -5 30 38
-3 23 24 -7 33 34
4 21 3 -9 22 30
-4 22 25 3 4 1 33 38
5 23 34 -1 20 28
-5 39 57 2 25 18
6 22 11 - 2 21 33
7 22 14 3 36 48
-8 25 13 4 22 22
9 18 15 5 30 32
-9 22 34 6 26 14
2 4 0 25 12 - 6 26 20
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TABLE 8 ( Contd,)
Observed and C alculated Structure Factors
k i !Fol iFcl h k 9 i*0i lFc
-7 42 46 -13 17 3
-8 14 5 5 4 0 44 29
-9 31 35 1 26 2 8
4 0 26 22 -9 34 30
l 32 40 -11 36 27
2 26 17
-2 18 17
3 23 25
-3 20 20
4 29 20
-4 19 15
-5 19 14
-7 24 28
-9 36 38
-11 26 27
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APPENDIX 1
S tru c tu re  F acto r C alcu la tio n s
| * V £ f ncos27t(hxn + € z n  + k/4)cos27i(kyn -  /4 ) j
y
+ [ ^ n 008211^ ^  + ^ zn + k/4)sin2Ti(kyn -  k/ 4 ) j  2 j  e"-8 Sin
(X) ,f . 
(Y) , f -
NO
NO
YES
YES
NO
YES
FORM and PRINT
KF
se t  c(X)
se t c(X)
FORM and STORE
(X) , f ( 
(Y) .f ,
2X(f0>-
IY (fn)
FORM and STORE
(X) .f ,  
(Y) . f
ZX( f  ) 
XY(f J
FORM:
XX(fI) + EX(f0) + XX(f0) 
XY(f ) + r y ( f  ) + Z Y ( f j
JYES
1
FORM and STORE:
c(X) . f 0  = £X(f0>'
c(y) . f 0  = XY(f0)
se t  c(X) = 0 
c(Y) = 0
■YES t e s t  n  ^ n.^ 4- n^+ |^ -
T
NO
_ 1
t e s t  n = n-^  + n^+ n^+ 1
YES
_ R
FORM and STORE:
c(X). . f  = EX(fci
c(Y) . f
FORM:
r x ( f I) + z x ( f Q) + z x ( f c)
ZY(fI) + ZY(f0) + IY (fc)
s  A*
5 B1
\r
FORM and PRINT: 
KFo .A'/Jk'2 + B’2
—2  2"» c R *KF + B1
z j k < 2 + B '2 . e - Bsill26A
YES t e s t  k = kmax  NO
FORMS-
I R PhOt + V k o V  0 0 a 2 n t Z / 6 ° ]  +. r t (FhOf. + \ c l )  o o s 2 n { Z / 6 o ]  *t  odd
x:[( 
i  odd
= P
I even
F ^ h O t  + Fh 0 l) c o s2 n iz /6 o ] - _E [(p  ^ + F j) coS2nlz/6$ = Q
 £. even
t o £ ph0 « "  \ o V  s± n 2 n lzM  f f ^ h o e ' ' + w  sin2n fe/ 6 o] > R 
p jP h O -t ” Fh0^ Sln2,t^2/ 60]  + + ph0{) s in 2 "^z/So] = s
•codd I  even  v
fo r  a l l  v a lues o f h 
&
se t X = 0
i  ~
FORMs
Pcos2n;hx/30; Qcos27ihX/ 3 0  5 
Rsin27ihX/3 0 ; Ssin2jihx/30s
fo r  a l l  va lu es o f h and sum 
ea.ch group fo r  h even, and 
h odd, independently._______
2 Pcos27ihX/30 + 2 Pcos27ihX/ 3 0  - [  ZQsin27xhX/ 3 0  + EQsin27ihX/3oJ 
h even h odd h even h odd
I,Pcos27ihX/ 3 0  -  ZPcos27ihX/ 3 0  +[ EQsin2nhX/30 -  IQsin2TihX/3o} 
h even h odd h even fa odd
EPcos2rchX/30 -  ZPcos27ihX/ 3 0  -[" £Qsin2rchX/30 -  ZQsin2nhX/30jl 
h even h odd fa even h odd
£Pcos27ihX/ 3 0  + LPcos2iihX/30 +[ IQsin27ihX/ 3 0  + EQsin27ihX/3o] 
h even h odd h even h odd
REPEAT with P = R, Q, = S --------------------- 37-------1—a------
STORE a si Z /60,X /30; Z /60, ( l J - X ) / 3 0 j ’ 
Z /6 0 ,(l5 + X )/3 0 ; Z /6 0 ,(3 0 -X )/3 0 ;
( 30-Z) /6 0 , X/30 j ( 30-Z) / 6 0 , ( 15-X) /3 0  5 
(30-Z) /6 0 , (15+X) /3 0 ; ( 30-Z) /60 ,(30-X ) /30 ;
X = X + 1
t e s t  X = 8
/ 1 f■WO \ YES
z = z + 1
TEST Z = 16
“NO——<r—
1
— YES
PRINT OUT RESULTS 
Z in  60ths h o r izo n ta lly  
X in  30ths v e r t ic a l ly
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APPENDIX I I I
Three-dim ensional E lec tron  D ensity Summation
k=2n
PXYZ = 4/ v { 5 k € [ phk€loos27t(hJC +-2z)°°s(27tkr -
cos27t(- hX + €z)cos(2TikY -
k=2n+l
rn!
h k - e i^ hk-^ l ^ n^C^X + 'iz)sin(27ikY -  
Fhk€| sin27l( “hX + ^Z)sin(2TikY -  a ^ j ]
Increase n Dy ± ana xesx 11 reacnea n'max
YES
i
NO
Sum:
S 1 + le Slo s A 3e + S-3o ~ E
S, -  le Slo s B S3e ” S3o £ F
s 0 +2e S2 o s G S4e t  §4 0 £ G
10)CvJ
CO
S2 o £ D S4e ~  S4o =  H
fo r  a l l  va lues o f  h
Sum: 
A + B + H;
B - Hj A -  G;
C + E; 3) + F;
D - F; C -  E;
fo r a l l values o f  h
f  se t  X = 0 |
— X --------------s e i  n = 0 
n s= 0
YES
A l
MO—
&um ( l)  to  ( 8) fo r  h even ajaad 
h odd sep a ra te ly , i . e .  2 ( l)  e , 
u sin g  n as a measure o f h«P
(n i s  a m odifier  
measuring h)
I
FORM:
( a + G + n) co s2rthX/30 (i)
(B + H + n) cos2jthX/30 ( 2)
(B - H -f n) cos2rchx/30 f j )
(A - G + n) cos2?xhX/30 ( 4)
( c  + E + n) sin2nhX/30 (5)
(D + F + n) sin2rchX/30 (6)
(D - F + n) sin2jiliX/30 (7)
(c  - E + ii]) sin2nhX/30 (8)
Increase
reached
h by 1 and t e s t  i f
hmax
j se t  x 1 3
FORMs
1 ( 1  + x ) e + 1 ( 1  + x ) o + [ i ( 5  + x ) e + 1 ( 5  + x ) o ]
E(1 + x) e  + 1(1 + x) o +  [ l ( 5  + x) e  + Z(5 + x) c]
1 ( 1  + x) e ~ 2 ( 1  + x) o “  [ 2 ( 5  + x) o ^  2 ( 5  + x) J
2 ( 1  + x ) e “  2 ( 1  + x ) Q + [ 2 ( 5  + x ) q  -  2 ( 5  + x) J
(D -  F + n) s in 27thX/ 3 0  (7)
( C - B  + ii) sin2nhX/30 ( 8)
Increase h by 1 and t e s t  i f  
reached hmax
YES
4l
NO—V
Sum (l)  to  ( 8) fo r  h even aiad
h odd sep a ra te ly , i . e .  E( 1 ) ,
©
u sin g  n as a measure o f h„
1 se t  x = 0  1
3 l
PORMs
z ( i  + x )e + i ( i  + x) q + [r ( 5 + x )e + 1 ( 5  + x ) J
1 ( 1  + x)  ^ + S f l  + x) o «*- [*1 ( 5  + x) e + z ( 5  + x) JJ
1 ( 5  + x) o <*- r ( 5  + x) J
1(5  + x) -  1(5  + x) J
e <v- ■ ' o
r ( i  + x ) e -  i ( i  + x ) o -
1(1 + x) e -  l( 1 + x) o +
Increase x by 1 and 
t e s t  i f  x
YES
0/
NO—
STORE as
JL 2 . JC 30-Z . _X 3 0 +Z, _X 6 o -z  
30* ZO’ 3 0 ’ ~To“ ’ 3 0 ’ 6 0  5 3 0 ’ 6 0  5
15-X
30 ’
z.
6 0 5
15 -x  
30 *
30-Z 
60 ’
15-X
30 9
30+Z 
60 ’ “ 30‘"’
60-Z  
60 ’
15+X
" 3 0 -’
z
6 0 5
15+X
30 ’
30-Z  
60 ’
15+X 
30 ’
30+Z. 
60 ’
15+X 
30 9
60-2  
60 ’
30-X 
30 9
z.
6 0 ?
30-X
3 0 ”
^0-Z 
60 5
30-X
30 ’
30+Z.
60 ’
30-X
30 ’
60-Z  
60 5
Increase X by 1 and 
t e s t  i f  X = 8
YES
k
m — )-
Increa.se Z by 1 and 
t e s t  i f  Z = 16 ____
•FO----
T
YES 
_sJU_
PRINT RESULTS m odified by sca le  fa c to r
INPUT next value o f  Y/30
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APPENDIX IV
Three-dimensional Least Squares Refinement
FORM
6 F
\
6x4 n h f . .F(Ccosa + Dsina)-w
-w.4rckf. .E(Dcosa -  Csina)
. *E( Ccoscx + jDsina)-w
FORMs
5F
6xc 5x
h F
5F
ADD to  lo c a t io n s :
2X + n
Increase t  by 1 and
YESNO
TEST k/V
YESNO
TEST 11 < n + • \n + 1 -*-N 0----
SELECT f
>N / | \  /|V
no
NO
s\..
FORM:
w(F
w ( F  -
5F
F ) “  c  Ox1
OF
F ) t- J& bj.
w
n
OF __ c
Oxn
n
/OF
iw.n
w(F -
OF
F ) - r J -c Oz wn
OF ___c
^Ozn
ADD to  lo c a t io n s :
1 + n 
X + n 
2X + n
3X + n 
4X + n 
5X + n
Increase h  by 1 and 
t e s t  i f  n = n^+ n^+ n^
YES
TEST k = kmax -P 3 .
TEST n Z n^+ 1
MO— <■ YES
J l .
TEST n <; n^+nn^H- 1 NO­
YES
SELECT f
/ SELECT fv s
FORM and PRINT:
c ( l + n) c(X + n) E.2X + n).
XrOO + n) c(4X + n) o(5X + n)
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R E P R I N T E D  F R O M  C H E M I S T R Y  A N D  I N D U S T R Y ,  1 9 6 3 ,  pp.  1984—1985
The Crystal Structure of Diosgenin Iodoacetate
By Elizabeth A. O'Donnell and M . F. C. Ladd  
Crystallography Section, Battersea College o f  Technology, London, S .W .ll
In 1941, Marker1 et al., investigating the stereo­
chemistry o f certain steroidal sapogenins, showed 
by conversion o f diosgenin to cholesterol that the 
conformation o f the ring systems in the sapogenin 
were the same as for the sterol as far as C 1 7 . They 
had shown previously2  that the sapogenins had a 
spiroketal side chain; this gives diosgenin the struc­
ture (I).
Me^
Me1
HO'
( I )
'Me
(H ) (E l)
H
Me
Me
Me
HO
(3Z)
Until 1953, isomers o f such compounds were con­
sidered to differ in configuration only at C2 2,3 and 
the possibility o f isomerism at C2 5  was neglected . 3  
The environment o f the spiro-atom in ring F was 
shown by James4  to be either (II) or (III) and this was 
confirmed by Rosen and Shabica , 5  who further postu­
lated that diosgenin has the structural formula (IV).
In order to elucidate the detailed stereochemistry of 
this structure, particularly in rings E and F, an X-ray 
examination o f crystals o f diosgenin iodoacetate has 
been attempted using the “heavy atom” technique. 
The majority o f the monoclinic crystals were broken 
and attempts to improve their quality by recrystallisa­
tion from various solvents were unsuccessful; faces 
(0 0 1 ) and ( 1 0 0 ) predominated.
A n optical examination showed the material to have 
positive birefringence with a along b, p along a, and 
y almost exactly along c. The unit cell dimensions 
deduced from X-ray diffraction photographs are
a =  12-52(6)A, b =  6-16(l)A, c =  35-86A, p =  92-0° 
and the density, determined by flotation in aqueous 
sodium bromide, is M lg .m l.-1. There are four 
molecules per unit cell and the density evaluated from
F ig . 1.—Electron D ensity o f  Diosgenin Iodoacetate Projected on
to the (010) Plane.
X-ray measurements is 1-40 g.ml.-1 . The reflections 
(0 k0 ) were present only for k  =  2n and there were no 
other systematic absences. This together with an 
acentric distribution o f | F  | 2  in the Okl zone leads to 
the space group P2i, with two molecules per asym­
metric unit.
The iodine positions were determined by 3-dimen­
sional Patterson analysis:
U 0-967, y , 0-203 
I 2  0 -0 7 1 ,j+ l/2 ,0 -3 0 8
Since by chance the iodine co-ordinates differ by 
1 / 2  in the y  direction, an electron density distribution, 
calculated with phase angles based on these iodine 
positions, will exhibit a false centre o f symmetry. 
However, the small b dimension, together with the 
optical properties, indicated that the majority of  
atoms should be resolved in two dimensions. The 
electron density distribution for the asymmetric unit 
in the XZ projection is shown in Fig. 1. Rings 
A,B,C,D,E are seen with moderate resolution but 
ring F  is in the “end on” position and the acetate 
group is not completely resolved. The methyl group 
at C2  5  appears to be in agreement with the axial 
position for this group as stated by Rosen and Shabica . 5  
The R-factor for this projection is 18%. Further 
refinement and a three-dimensional analysis are in 
progress.
We are indebted to Dr. C. H. Carlisle o f Birkbeck 
College, London, for suggesting this problem and for 
helpful discussions.
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